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PREFACE. 


THE present volume contains Mr. Alfred Hutchinson’s Presidential 
Address and eleven papers presented at the Annual General Meeting 
held in London on April 29 and 30, 1937, together with the dis- 
cussions and correspondence on them. The following two Special 
Reports : 


Special Report No. 16.—‘‘ Seventh Report on the Hetero- 
geneity of Steel Ingots, 

Special Report No. 17.—‘‘ The Work of the Coke Research 
Committees of the Iron and Steel Industrial Research 
Council,” by E. C. Evans and J. M. Ripaion, 


and also the two undermentioned papers, which were originally 
printed in vol. 25 of the ron and Steel Institute, Carnegie Scholarship 
Memoirs, for 1936 : 


“The Allotropy of Iron,” by H. Esser. 
“The Thickness of Oxide Films on Iron,” by H. A. MILEy, 


were also presented, and the discussion to which they gave rise and 
the replies thereon are included in the present volume. 

The papers by Dr. T. Swinden and Mr. G. R. Bolsover on “‘ Con- 
trolled Grain Size in Steel,” and by Professor O. Féppl on “ The 
Practical Importance of the Damping Capacity of Metals, especially 
Steels,” presented at the Autumn Meeting in Diisseldorf in Sep- 
tember, 1936, were discussed further at a Local Meeting during the 
winter months. These further discussions and the authors’ replies 
are likewise included at the end of Section I. 

Two Supplementary Special Reports, containing the discussion, 
correspondence and reply on “ First Report of the Alloy Steels 
Research Committee ”’ (Special Report No. 14a) and on “ Second 
Report of the Steel Castings Research Committee ” (Special Report 
No. 15a) were published at the time of the Meeting. 

In the present volume it will be found that the arrangement of 
Section I. has been re-organised. This Section opens with the 
Minutes of Proceedings, including the speeches made at the Annual 
Dinner, the Report of Council and Statement of Accounts for the 
year 1936, and this is followed by the Presidential Address and the 
papers, discussions, correspondence and replies. It is thought that 
this new system will be more convenient than the arrangement 
previously adopted. 

Section IT. is devoted to a survey of the literature on the manu- 
facture and properties of iron and steel, and kindred subjects, and 
consists of a collection of abstracts of articles from the Transactions 

1x 








x PREFACE, 


and Proceedings of scientific societies and from the technical press. 
This Section also contains reviews of recent books and bibliographies 
of literature dealing with the manufacture and properties of iron and 
steel. The matter included in this Section has already appeared in 
the Bulletin of the Iron and Steel Institute which is issued monthly. 
In front of the title page is inserted a list of the British Stan- 
dardised Steel Samples issued jointly by the Iron and Steel Institute 
and the National Phyiscal Laboratory, showing where and on what 
terms the samples are available. Proposal forms for Membership 
and Associateship of the Institute will also be found in the same 


place. 
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MINUTES OF PROCEEDINGS 
AND 


PAPERS AND _ DISCUSSIONS 


AT THE 


ANNUAL MEETING, 1937. 


THe Srxty-EignhtH ANNUAL MEETING OF THE IRON AND STEEL 
INSTITUTE was held at the Institution of Civil Engineers, Great 
George Street, Westminster, on Thursday and Friday, April 29 
and 30, 1937. 


THURSDAY Morninec, ApriIL 29, 1937. 


The meeting opened at 10 a.m. on Thursday, April 29, 1937. 
Sir Harotp CaRPENTER, Ph.D., F.R.S. occupied the Chair at the 
commencement of the proceedings. 


Ballot for the Election of New Members and Associates. 


Mr. R. 8S. Brown (Appleton, Cheshire) and Mr. F. Somers 
(Halesowen) were appointed scrutineers of the ballot, and they 
subsequently reported that the following one-hundred and eleven 
candidates for membership and forty-four candidates for associate- 


ship had been duly elected : 


Members. 
ABERNETHY, PETER A. . Glasgow. 
ADDISON, WILLIAM HENRY DE RING, i, 
; . Johannesburg, 8. Africa, 


B.Se. 
ANDERSON, JOHN 
AsH, WILLIAM ‘ 
BALLARD, WILLIAM Epw. ARD . 
BANSEN, Dr. -Ing. Hueco 
Barr, Dav ID ; 
Barr, Mark, M.I. K KE. 
BEARD, AMBROSE CECIL . 
BEATTIE, CHARLES L. 


Bett, Donatp HEeLuiAn, B.Met.E. . 


Bevan, Ipris PuGH m 
Biswas, Kanat Leat, B.Sc. 
1937—i 


Motherwell. 
Xotherham., 
Birmingham. 
Rheinhausen, Germany. 
Glasgow. 
London. 
Shanghai, China, 
Middlesbrough. 
Johannesburg, 8. Africa, 
Port Talbot, Glam, 
Bengal, E.I.R., India. 

B 





Boye, Sir Epwarp, Bt., J.P. : 
BRADLEY, HAROLD . 5 

Brown, JOHN ARMSTRONG ; 
CAMERON, WILLIAM ; : ; 
CastLe, G. CyRit . ; ; ; 
CHAN, GEORGES : : A 
Curesa, Ing. GIOVANNI . é . 
Cuomk, FELIX : : ‘ 


CoLaM, LESLIE DENEREAZ 
Conn, GEORGE, B.Sc. 
Crooks, LAURENCE EDWARD 
SULLEN, GEORGE . : 
Danse, LAUNCELOT A. . : ; 
Davey, WHEELER P., B.A., M.S., 
Ph.D., F.1I.P. (Lond.). 
FARNHAM, GORDON STUART, 
M.Sc., Ph.D. ; : 
Fuinn, GEORGE FREDE RIC K 
Fow Ler, ROBERT 
GARNER, JAMES ROBERT 
GIBSON, JAMES 
7LAss, D. K. 
Goop, RoBert C HARLES 
GOPALAN, MAHARAJAPURAM Sur A- 


MANIA 
GorpDon, IAN : ; 
GRAHAM, ARTHUR Joun Woop, 


O.B.E., M.I.Mech.E. 
Hacke, ARTHUR KurRT ENGE LBERT 
FRIDOLIN. 
HAMILTON, GEORGE W. . ; 
Harris, JOHN EDWARD . 


HENDERSON, JOHN ; 

Hitt, KENNETH ; fk 
Hitt, EvGene Henry Pucu : . 
HINGLEY, GERALD 

HINnGLEY, Martin . : 

HowEs, SIDNEY RALPH . : : 
JONES, Francis WILLIAM, B.Sc. 


(Lond.), A.M.Inst.C.E., A.M.I.M.E. 
JONES, GEOFFREY LAWRANCE . cj 
KAUFFELD, THEODORE JOHN 
KocHHArR, HARBANS LAL 
Korser, Professor Dr. FRIEDRICH 
Koster, Professor Dr. Phil. WERNER 
KULKARNI, 8. D. . 
LAMBERT, JOSHUA LEONARD 
LEA, FREDERICK CHARLES, 
M.Inst.C.E., M.I.Mech. E. * 
M.I.Min.E. 
Lewis, GODFREY ‘ ‘ ; 
LEwIs, JOHN : ’ ; ‘ 
Lomas, Miss Ftora 
McCRACKEN, JOHN 


D.Sce., 


ELECTION OF MEMBERS. 





London. 

2uncorn, Cheshire. 

Market Harborough, Leics. 

Hamilton, Lanarkshire. 

Solihull, Warwickshire. 

Paris. 

Turin. 

Luxemburg. 

Sunningdale, Berkshire. 

Harket Harborough, Leics. 

Middlesbrough. 

Wishaw, Lanarkshire. 

Detroit, Mich., U.S.A. 

Pennsylvania State College, 
Pa.; Uiss:Az 

Ottawa, Ont., Canada. 

Grays, Essex 

Ebbw Vale, Mon. 

Sheffield. 

Glengarnock. 

Glasgow. 

Pittsburgh, Pa., U.S.A. 

Tatanagar, B.N.R., India. 

Hamilton, Lanarkshire. 


Darlington. 
Newcastle, 
tralia. 
Glengarnock. 
Newcastle, N.S.W., 
tralia. 
Glengarnock. 
London. 
London. 
Dudley, Worcestershire. 
Wednesbury, S. Staffs. 
Sheffield. 


N.S.W., <Aus- 


Aus- 


Cardiff. 


Kettering, Northants. 
London. 

Tatanagar, B.N.R., India. 
Diisseldorf. 

Stuttgart, Germany. 
Jamshedpur, India. 
Cardiff. 


Sheffield. 
Barry, Glam. 
Tatanagar, B.N.R., India. 
Sheffield. 

Cambuslang, Lanarkshire. 





ELECTION OF MEMBERS. 


Mackay, JOHN E 
McKimy, Pavuu J. . 
MALBORN, JOSEPH , : 
Matcoitm, Victor NEILL 
MARKHAM, GEORGE HENRY 


MENKE, WILLIAM J. ; : : 
MITCHELL, JOHN MACFARLAN . ; 
MULLIN, FRANK . ; F 


PATCHETT, JOHN HERBERT ‘ 


PERCIVAL, REGINALD TOWNSE? :D, 
B.Met. : . 2 ; ; 
PETIET, MARCEL ., F ; = 


PILLING, Norman B. : 

Piper, Cyrit Rees, M.Sc. (W ales ) 

PLANT, CHARLES 

POENSGEN, Dipl.ing.te: hn. 
OF. % ; : 

POLLARD, CHARLES 'D. 

Popr, SIDNEY BarTON 

RAWSON, STANLEY 

REEKIE, D. W. : : 

Rees, EpGAR WILLIAM TRESEDER 

ReEEs, WILLIAM PRITCHARD, M.Sc. 

RIcHARDS, RAWSON BROWN 

Roserts, G. L. G. 

Rosinson, NORMAN 

Roy, 5... 

SANDBERG, NILs EDWARD ForBE s 

SEREDIN, P. I. 

SERGEEYV, V. A. 

SERVICE, WALTER 
B.Sce., A.R.S.M. . 

SHIPTON, WILLIAM JOHN 

SmitH, ARTHUR 

Tuomas, THOMAS JOHN 

THOMSON, SAMUEL 

THORBURN, JAMES 

THORBURN, JOHN . 

Tuum, Professor Dr. U. 

Topp, JOHN WILLIAM 

VERWILST, YVON 

WappE, THOMAS FRANK LY N 

WARD, ‘GEORGE FREDERICK 

WELLS, JOHN ALFRED EDMUND 

WHITHAM, JAMES HENRY 

WILEMAN, WILLIAM GEORGE 


WERNER, 


WILKINSON, STANLEY 


WILuiaMs, CLYDE E. 
WILuiAMs, THOMAS 
(Hons. Chem.). 
WILLIAMSON, JACK 
Wittott, Roianp L: ANCASTER, B.Sc. 
(Eng.) : ‘ : : . 


Henry, B.Sc. 


MONTGOMERY, 


Wishaw, Lanarkshire. 
Cleveland, Ohio, U.S.A. 
London. 
London. 
Middlesbrough, 
Sharpsville, Pa., 
Erith, Kent. 
Jamshedpur, India, 
Middlesbrough, 


U.S.A. 


Sheffield. 


’ Paris. 


3ayonne, N.J., U.S.A. 
Pontypool, Mon. 
Walsall, Staffs. 


Oslo-Nydalen, 
Derby. 
Beverley, 8. 
London. 
Glengarnock. 

Lisvane, Glam. 
Teddington. 

Llanelly, Carmarthenshire. 
Swansea. 

Leamington Spa. 
Jamshedpur, India. 
London. 

London. 

London. 


Norway. 


Australia. 


Glasgow. 

Swansea, 

West Bromwich, 

Cardiff. 

Motherwell. 

Glengarnock. 

Beith, Ayrshire. 

Darmstadt, Germany. 

Corby, near Kettering. 

Brussels. 

Swansea. 

Manchester. 

Sheffield. 

Sheffield. 

Newcastle, 
tralia. 

Clay Cross, near Chester- 
field. 

Columbus, Ohio, U.S.A. 

East Carlton, near Market 
Harborough, 

Sheffield. 


N.S.W., Aus- 


Chester. 








Winaate, Davin THOM . 


Wvtutr, Davip 


Associates. 


ANDREWS, KENNETH WILLIAM 
Boyte, LEONARD . . 
CAINE, JOHN B. 

CHADWICK, THOMAS GE OFFREY 


ConEN, Dr. Morris 
Durry, NorMAN FRANCIS 
FEATHERSTONE, WILLIAM MARSH ALL 
FENNISTON, Harotp MONTAGUE, 
B.Sc. : . 
GARSIDE, J AMES Eric 
GILES, GEOFFREY WILLIAM 
Grot, ARNOLD 8. . : 
Hatz, WiLLiAM LESLIE . 
Hicks, LAURENCE CLARK, Sc D. 
JENKINS, Ivor 
JONES, GEORGE LAWRENC E 
MARsHALt, ROBERT WILLIAM . 
MENzIEs, DoNALD : 
MILLER, RicHARD FRANKLIN 
Norris, ARTHUR HUBERT 
OrpDONO, CAMPS. ; : 
Orr, CHARLES WILLIAM . 
PaDGET, HARVEY . 
PARKIN, GEORGE 
PETERS, C. M. 
Puitures, HENRY DANIEL 
PRATT, JAMES SKIRVING 
QUENEAU, BERTRAND RUSSEL L 
ROADLEY, JOHN ARTHUR 
ROBINSON, GILBERT 
ROWLAND, ELBERT S., Ph. D; 
SCHNEIDER, HERBERT HENRY 
SEYBOLT, ALAN UPSoN 
SHAPIRO, Cant LyNNWOOD 
SIMISTER, ERNEsT, B.Sc. 
Sz6GREN, Gustav OLtor HoLtcar 
SPEIGHT, GEORGE . . 
STRENG, JOHN ; ‘ ; 
SwINDELLs, NORMAN 
THOMAS, GEORGE LORRAINE 
THOMPSON, PETER ‘ 
THORNHILL, RAYMOND SPENCER 
TInDULA, Roy WALTER . 
WALKER, STANLEY HewitTtT 
WELDON, M. J. 





ELECTION OF MEMBERS. 





Little Weldon, near Ket- 
tering. 


Wishaw, Lanarkshire. 


Manchester. 

Tynemouth. 

Wyoming, Ohio, U.S.A. 

Thrybergh, near Rother- 
ham. 

Massachusetts, 

Sheffield. 

Sheffield. 


U.S.A. 


Kettering, Northants. 
Coventry. 
Sheffield. 
Cicero, Ill., 
Chester. 
Brackenridge, Pa., U.S.A. 
North Wembley, M’sex. 
Swansea. 

Scunthorpe. 

Manchester. 

Kearny, N.J., U.S.A. 
Scunthorpe. 

Liége, Belgium. 

Victoria, Australia. 
Sheffield. 

Sheffield. 

Manila, P.I. 

Philadelphia, Pa., U.S.A. 
Hull. 

Kearny, N.J., U.S.A. 
Rugby, Warwickshire. 
Manchester. 

Canton, Ohio, U.S.A. 
Cleveland, Ohio, U.S.A. 
Attleboro, Mass., U.S.A. 
Syracuse, N.Y., U.S.A. 
Leeds. 

Luton, Beds. 
Sheffield. 

East Chicago, Ind., 
Cambridge. 
Kettering, Northants. 
Sheffield. 

Cambridge. 

New York, U.S.A. 
London. 

Syracuse, N.Y., U.S.A. 


U.S.A. 


U.S.A. 





ANNUAL REPORT AND STATEMENT OF ACCOUNTS. 5P 


Presentation of the Report of Council and Statement of Accounts 
for 1936. 


THE RETIRING PRESIDENT (Sir Harold Carpenter, F.R.S.), in 
moving the adoption of the Report of the Council for the year 
1936 (see pp. 40P-71P), said there were certain features of it to which 
he desired to draw special attention. The first concerned the roll 
of membership of the Institute. The Institute now had 2,243 
Members, which was the largest number it had ever had. That was 
in part due to the greater prosperity of the industry, but to a larger 
extent was the result of the arrangement proposed by Sir Charles 
Wright, namely, that companies engaged in the industry should 
contribute to the Special Subscription Fund of the Institute. At 
the suggestion of Mr. B. Talbot it had been decided that these 
companies should have the right of nominating new Members and 
that their entrance fees and subscriptions for the first year should 
be paid out of the companies’ contributions ; after that, the Members’ 
subscriptions had to be paid in the ordinary way. That arrange- 
ment had brought in a large number—214 Members and 41 Associates 
had been elected under that provision. The Council were well 
satisfied with the large increase in the number of Associates, which 
had almost doubled, and they regarded that as particularly 
important, because these were the younger Members whom the 
Council wished to interest in the Institute’s work. The Council 
were anxious to get such gentlemen in at an early stage and for them 
to contribute to the proceedings in every possible way. 

He desired to draw attention to two deaths, the first being that 
of Lord Invernairn of Strathnairn, a Past-President, who had been 
a member since 1878; he had been a Member of Council and 
Treasurer of the Institute, and in 1916 was elected President. 
Reference had been made at Diisseldorf to Professor Henry Le 
Chatelier, but on the present occasion he desired to emphasise 
especially the loss which the Institute had suffered by the death 
of so distinguished a foreign Member. 

He would leave the finances to the Honorary Treasurer to deal 
with later. The Bessemer Gold Medal for last year had been awarded 
to Mr. Fred Clements, particularly for his classical contributions 
on the blast-furnace (applause). 

Amongst the honours conferred during the year he desired to 
single out particularly, if he might, that of Commander of the 
Legion of Honour given to Sir Robert Hadfield. It was an honour 
which gave the Members great satisfaction (applause). 

Three meetings had been held during the year—the May meeting 
in London, the very successful meeting at Diisseldorf, about which 
something would be said later so he would not refer to it more at 
the moment, and the additional meeting in London in October for 
the purpose of giving those who had not been able to go to 
Diisseldorf an opportunity of discussing the papers read there. 
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Then he desired to emphasise the Institute’s co-operation with 
other institutions. That had become an increasingly valuable 
feature of the Institute’s work. There had been co-operation with 
the Verein deutscher Eisenhiittenleute in Diisseldorf in September, 
and there had been the joint meeting with the Institute of British 
Foundrymen in London in October. He wished to say how 
valuable were these meetings between the Institute and allied 
societies. Each obtained an idea of what the others were doing, 
and many useful suggestions were made. 

Negotiations with the Institute of Metals, to which reference 
had been made a year ago, had now been completed, and he was 
glad to say that as a result it was now financially easier for pros- 
pective Members to join both Institutes. Any Member now could 
join the two Institutes for five guineas instead of six guineas, as 
hitherto, and on the payment of a single entrance fee of two guineas. 
In effect, therefore, for a total sum of seven guineas, as against ten 
guineas, there was a very considerable saving. It was hoped that this 
would encourage the younger Members (who undoubtedly must find it 
difficult to pay the larger sum) to join the Institutes in great numbers. 

Co-operation with local technical societies was a very prominent 
feature now of the Institute’s work. It was an arrangement whereby 
papers which were read at one of the Institute’s meetings in the 
year were again presented before one of the local institutes, and the 
papers received fuller discussion with perhaps a more specific local 
interest. Also, it encouraged younger Members, who possibly found 
speaking at the main meetings rather formidable, to try and win 
their spurs. 

He desired to make a special reference to the Williams Prize, 
and in order to emphasise the matter he would read exactly what 
the Council said : 

“For the third year in succession, no award of the Williams Prize 
was made. The Council deplore the fact that, although the papers 
presented to the Institute during the year were of high merit, as regards 
both interest and importance, none of them qualified for the award of 
the Williams Prize. This prize was presented by the late Mr. Illtyd 
Williams when he resigned his position as Honorary Treasurer of the 
Institute with the object of encouraging the writing of papers of technical 
and practical interest by younger members of the staffs of iron and steel 
works. He wished the prize to be awarded to the author of a paper 
of a practical character adjudged by the Council to be the best paper 
of that nature published by the Institute during the year, subject to the 
condition that the author of the paper shall be a British subject regularly 
employed in a British iron or steel works in a position not superior to 
that of Manager of any one technical department. : 

The Council hope that with the encouragement of those in senior 
positions in the industry, papers of a practical nature and of sufficient 
merit to justify the award of this prize will be presented; they do not 
exclude the possibility of an award being made to more than one paper 
if a sufficiently high standard is reached.” 

This was a point on which the Council would like special emphasis 
laid. 
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The Institute had been pleased to continue its very active 
co-operation with the Iron and Steel Industrial Research Council 
an arrangement which was beneficial to both institutions. With 
regard to the Technical Committees mentioned in the Report, 
under the indefatigable Chairmanship of Dr. Hatfield still another 
Committee had been set up—that dealing with alloy steels research 
—and they had presented their first Report during last year. 
He desired to express the Members’ great indebtedness to Dr. Hat- 
field for this active work which he prosecuted on the Institute’s 
behalf (applause). 

The foregoing were the chief points in the Report which he had 
wished to emphasise, and he would now ask the Treasurer to deal 


with the accounts. 





THe Hon. TREASURER (Mr. James Henderson), in presenting 
the accounts, said that Sir Harold Carpenter naturally in all modesty 
had not referred to the honour which had been conferred upon him 
by Sheffield University, namely, Honorary Degree of Doctor of 
Science, and he (Mr. Henderson) was certain that the Members 
wished to express their appreciation of that honour done to Sir 
Harold (applause). 

He would not occupy the time of those present with details of 
the accounts; they were presented in the Report of Council, and he 
hoped they would receive the consideration which they deserved 
but which they did not always get. He would only mention that 
while the expenses had gone up substantially in the past year, so 
had the income. Despite careful economy, an increase in the 
expenditure had been unavoidable, as it was essential that the 
Institute should increase the services rendered to Members and 
the industry. A good deal of that increase in income had arisen 
from the special contributions from firms, a list of whose names 
would be found in the Report. It was unfortunate, in a way, 
that the Institute had to collect these special subscriptions, and 
yet he made no apology to firms for pressing them to make the 
contributions, because he felt that, even in a purely commercial 
sense, the firms derived the greatest benefit from the Proceedings of 
the Institute and its ancillary activities. In connection with the 
increase in the Special Subscription Fund (an increase amounting 
to £1,296) he thought it was only fair to say how much Sheffield 
had contributed, and credit must be given to Mr. Clements and 
Dr. Hatfield for their indefatigable work in that direction. With 
these few remarks he presented the Accounts to the meeting. 


Sir FREDERICK MILLs, Bt., D.L., M.P. (Past-President), seconded 
the motion for the adoption of the Report, which was carried. 
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Induction of the President-Elect, Mr. Alfred Hutchinson, M.A., B.Sc., 
into the Chair. 


THE RetmmG PREsIDENT (Sir Harold Carpenter) said he now 
came to his final task of inducting his successor to the Chair—Mr. 
Alfred Hutchinson. It was a particular pleasure to him to induct 
Mr. Hutchinson into the Chair, because he had known Mr. Hutchin- 
son longer than any other Member of the Institute. It was almost 
forty years ago that he had gone as a young research student to 
Middlesbrough and Manchester in company with Professor Bone 
and had had a delightful time visiting the Skinningrove Iron Works. 
Those works had been reconstructed and put on a modern basis 
by Mr. Hutchinson’s father, Mr. T. C. Hutchinson, who would be 
remembered, he thought, by many present. He desired to recall 
that gentleman’s name and the valuable work he had done in 
putting that works into a production form. He might be wrong, 
but he had been given the impression by Professor Bone that Mr. 
Hutchinson’s early tendencies had been in a more purely scientific 
direction—that he had been, in fact, a distinguished student of the 
subject of zoology at the University of Cambridge; perhaps, if he 
had been allowed to follow his natural bent, he would have pursued 
the peaceful career of an academic scientist—not so peaceful as 
some people thought, but relatively peaceful. But Mr. Hutchinson 
had obeyed the call of duty and had gone into his father’s works, 
and had been, he thought he was right in saying, connected with 
them ever since. Mr. Hutchinson had been a Member of the 
Institute for forty-three years. He was well known to all the 
Members of the Council, who received valuable opinions from him 
on any point that arose. He did not speak very often—that was 
very valuable—but when he did speak he always said something 
that counted. 

Without more ado he would ask Mr. Hutchinson to take the 
Chair, and in doing so he was sure he could express on the Members’ 
behalf, as well as on his own, their good wishes to Mr. Hutchinson 
for a most successful and happy year of office. (Applause.) 


Mr. Hutchinson then took the Presidential Chair amid the 
prolonged applause of the Members present. 


THe Presipent (Mr. Alfred Hutchinson) thanked Sir Harold 
Carpenter for the very kind words he had uttered in inducting him 
into the Chair. He also thanked the Council for the great honour 
they had conferred upon him by electing him to the highest position 
which the Institute could offer to any of its Members, namely, the 
Presidency of the Institute. The very fact that he had been so 
long a Member and had attended so many meetings of the Institute 
enhanced his appreciation of the great honour which had been done 
him, and he would do his very best to forward the interests of the 
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Institute during his year of office. He hoped the Institute would 
have a successful year while he occupied the Chair. (Applause.) 


Vote of Thanks to the Retiring President. 


Sir Ropert Hapriexp, Bt., F.R.S. (Past-President), said that 
as the Senior Past-President he had the honour to propose the 
warmest possible vote of thanks to Sir Harold Carpenter. Sir 
Harold had indeed been a model President. He had not only 
represented in a very peculiar way the scientific side of metallurgy 
but he had also been in contact a great deal with the practical side 
too. He had been twice President really, because he had stepped 
into the breach at Sheffield when the then President had been taken 
ill, and he had filled the post most admirably (applause). The 
Members were greatly indebted to Sir Harold for having come to 
their help in that critical period, and they owed him a double vote 
of thanks. 

His first contact with Sir Harold had been a very pleasant one 
indeed. He had had the pleasure of contributing jointly with 
Dr. Carpenter, as he then was, and Professor Longmuir, a paper to 
the Institution of Mechanical Engineers in connection with the 
Alloys Research Committee on the properties of a series of iron- 
nickel-manganese-carbon alloys. When one came to work with 
another man on the preparation of a paper one soon found whether 
or not he was a pleasant person to work with, and he could only say 
that he had found Sir Harold to be in every possible way a most 
admirable colleague. He took the present opportunity of reminding 
Sir Harold of that paper and of expressing to him his thanks publicly 
for the great help Sir Harold had rendered in regard to it. 

During his Acting-Presidency in Sheffield Sir Harold had won 
all hearts there, and he (Sir Robert) was sure, as representing Sheffield 
on the present occasion, that he could say that Sheffield Steelopolis 
sent Sir Harold its warmest thanks and congratulations. He 
proposed the heartiest possible vote of thanks to Sir Harold. 


The motion was carried by prolonged applause. 


Sir HAROLD CARPENTER said he regarded it as a very special 
honour that the vote of thanks had been moved by Sir Robert 
Hadfield, and he desired to thank Sir Robert for what he had said. 
He found it difficult to do so adequately. Their association went 
back even further than Sir Robert had suggested, because Sir Robert 
had been one of the original members of the Executive Committee 
of the National Physical Laboratory when he himself had been one 
of the staff. He had soon got to know Mr. Robert Hadfield, as he 
then was, and he desired to say how helpful he and his colleagues 
had always found him in regard to any experimental work con- 
cerning which they desired his assistance. The determination of 
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the iron-carbon equilibrium, which Mr. Keeling and he made for 
the first time in 1904, had arisen from a suggestion of Sir Robert 
Hadfield, that they should determine what was called to-day the 
liquidus of the iron-carbon constituent. They had very soon found, 
however, that they had to determine not only the beginning but 
also the end of solidification, and, from that, the transformation 
point also. That paper by himself and his colleagues had its origin 
in the suggestion and encouragement of Sir Robert Hadfield, and 
he thanked Sir Robert very much on that account. Since he left 
the Laboratory, he and Sir Robert had not seen so much of one 
another, but Sir Robert had always made him feel that he 
sympathised with, and was interested in, his work. As a young 
man he had found Sir Robert’s encouragement of the utmost 
stimulus and value. 

He desired to say in conclusion that he had enjoyed his two 
years of office very much indeed. He had been sustained by the 
active efforts of the Council, by the splendid work of the staff, and 
by the goodwill and friendship of the Members. (Applause.) 


Welcome to Foreign Members and Visitors. 


THE PREsIDENT (Mr. Alfred Hutchinson) said his first pleasurable 
duty on taking office was to offer a very sincere welcome to the 
Members and visitors from overseas (applause). The Members were 
very pleased indeed to see so many distinguished guests from various 
countries with which the Institute had such friendly relations. He 
desired particularly to emphasise the honour which they felt was 
done to the Institute by the presence of so many Ladies (applause). 
There were representatives from Belgium, France, Germany, Luxem- 
burg, Spain, the United States of America and Poland—which he 
thought emphasised the international character of the Institute. 

He had the important announcement to make that an invitation 
had been received from the American Iron and Steel Institute and 
the American Institute of Mining and Metallurgical Engineers to 
hold the autumn meeting of 1938 in America, and that the Council 
on the Members’ behalf had accepted that invitation. He made the 
announcement in order that Members should have ample time to 
make their arrangements to visit the United States next year. 

He also had very great personal pleasure in announcing that 
the autumn meeting this year would be held in Middlesbrough. 
Being a native of Middlesbrough himself, and having been occupied 
in the industry of that district for the greater part of his life—ever 
since he had left Cambridge—he felt that his friends in Middles- 
brough had done him a great honour in asking the Institute to select 
that place for the September visit. The Institute had not visited 
Middlesbrough for twenty-nine years, and he thought many of the 
Members would see great changes there. He hoped they would have 
a very happy visit. He was sure they would have some very good 
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excursions, because he still maintained that of all the beautiful parts 
of England none could compare with the North-East Cleveland 
district with its beautiful moors and other scenery. 

He desired particularly to extend a hearty welcome to their 
friends from Germany. The Members had the pleasantest recol- 
lection of the very successful meeting which had been held in 
Diisseldorf last September (applause). The hospitality and generous 
. entertainment of their Diisseldorf friends had been beyond all 
praise. He desired to say how particularly glad the Members were 
to have Dr. Goerens with them as the representative of his father. 
They remembered what a great time they had been given at Essen. 
The presence of Dr. Goerens was considered a particular compliment, 
as he had paid a short visit to England only a week before for the 
International Congress for Testing Materials, and the Members 
would very much like to congratulate him on his election then as 
President of that body (applause). 


Dr. P. GOERENS said he was honoured to bring to the Members the 
greetings of the Verein deutscher Eisenhiittenleute. Their President, 
Dr. Springorum, regretted deeply the fact that he was not able to 
be present owing to illness, but the present news was that before 
long he w ould be completely restored to health (applause). 
Dr. *Springorum had asked him to express his profound thanks for 
the invitation to be present and for the hospitality and reception 
accorded to him (Dr. Goerens) and to his colleagues (applause). 


Nomination of Honorary Vice-Presidents and Honorary Members. 


THe Presipent (Mr. Alfred Hutchinson) said he had great 
pleasure in announcing that Dr. Fritz Springorum and Dr. Ernst 
Poensgen had been nominated by the Council to be Honorary Vice- 
Presidents, and Dr. Otto Petersen to be an Honorary Member 
of the Institute (applause). 

Following on what Dr. Goerens had just said, the Members very 
much regretted the serious illness of Dr. Springorum. They were 
very glad to hear of his recovery, and he suggested that a telegram 
of greetings should be sent to him (applause). 


Dr. Ernst PoENSGEN thanked the President for the very kind 
words he had spoken in announcing his nomination as an Honorary 
Vice-President, and he thanked the Members for the very kind 
applause with which they had acclaimed the high distinction which 
had just been bestowed upon him. He felt exceedingly honoured by 
being made a Member of the Iron and Steel Institute, and he was 
delighted at being appointed an Honorary Vice-President. The 
nomination was not based on any merits of his own in the sphere of 
technical progress or on any service of his to the Institute, and he 
thought he was right therefore in assuming that the Institute in- 
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tended the honour primarily for his country and for the Verein 
deutscher Eisenhiittenleute. At the autumn meeting in Diisseldorf 
he had mentioned that the ties between the two technical institutes, 
broken by the Great War, had long been restored, and he felt now 
that they had developed into high-quality steel ropes, strong and 
unbreakable (applause). He thought he was not wrong in con- 
cluding that the Council by so honouring him had been prompted by 
the fact that the amicable and splendid relations which existed 
between the technical bodies of the two countries had indeed extended 
also in a highly satisfactory manner between their industries, and 
more especially in their sales organisations. As his touch with his 
English friends had been acquired through economic connections 
especially, he took it that by his adoption as Honorary Vice-President 
the Institute wished to express the great satisfaction of its Members 
with the work which had just been accomplished and completed 
through the Co-ordinating Committee under the Presidency of Sir 
Andrew Duncan—a Committee on which he himself had collaborated. 
He wished nothing more earnestly than that in other spheres of 
international life, too, agreement and similar bonds might be possible 
for the welfare of all concerned. The Members could be assured that 
he would leave the meeting that day with the deepest gratitude, and 
that he felt himself to be one of them. He was proud to have 
become a Member of the British Iron and Steel Institute, a body 
to which his father also had belonged (applause). 


Dr. Orro PETERSEN said he rejoiced at the honour which had 
been bestowed upon him by the Institute. The honour done to his 
President, Dr. Springorum, in making that gentleman an Honorary 
Vice-President of the Institute, was accepted by Dr. Springorum 
with deep thanks; Dr. Springorum had hoped to be able to express 
his thanks to the Members personally. 

Speaking on his own behalf, needless to say he was very proud 
to be a Member of the Institute—an Institute renowned all the world 
over—and to be included in the ranks of men with whom in his 
wildest dreams he had never thought he would figure. He justified 
himself in accepting such a high honour by recalling the fact that as 
a German iron and steel man he had worked half his lifetime in 
furthering technical and scientific work in iron metallurgy, and once 
in a while he had stepped beyond the frontiers of his Fatherland. 
Then, the relations between the Institute and his own institution 
dated not from yesterday but from long past times. Their fathers 
and grandfathers had been Members of the Institute and had formed 
ties of real friendship and comradeship with their English colleagues. 
He himself had endeavoured to strengthen those ties. ° He remem- 
bered his old friend Mr. G.C. Lloyd. They had worked long years 
together, and had laboured together in good days and in bad. He 
was glad to know that Mr. Headlam-Morley was following the same 
path, and he was sure they would continue shoulder to shoulder in 
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the same friendly spirit. He was happy to feel that day that once 
more a bridge was thrown over the waters dividing their two coun- 
tries, and he was sure that the pillar of goodwill and understanding 
which had been fashioned last September in Diisseldorf would endure 
for all time. He was proud to be an Honorary Member of the 
Institute, and he assured the Members that he would always be a 
loyal Member and a good comrade (applause). 


THE PRESIDENT also announced that the Hon. Roland Kitson 
had been nominated an Honorary Vice-President, and that Professor 
W. A. Bone, F.R.S., had been nominated an Honorary Member. 


THE PRESIDENT drew attention to the fact that Professor Bone 
had been seriously ill for some time. He had visited him on the 
previous Sunday and had found him still criticially ill, but he had 
wished him definitely to say on his behalf how much he appreciated 
his election as an Honorary Member of the Institute. Most of the 
Members knew that Professor Bone had been keenly interested in 
work on blast-furnace practice for many years. He was doing all 
he could to conserve his strength in the hope of final recovery so 
that he might still be able to prosecute that work. He (the Presi- 
dent) thought it would be a fitting thing to send Professor Bone a 
telegram of greetings (applause). 


Election of Vice-Presidents and Members of Council. 


THE SECRETARY stated that in accordance with Bye-law 10 the 
names of the following Vice-Presidents and Members of Council had 
been announced at the Autumn Meeting, 1936, as being due to retire 
at the present Annual Meeting: 

Vice-Presidents: Mr. C. E. Lloyd; Dr. W. H. Hatfield, 
F.R.S.; Sir William Larke, K.B.E. 

Members of Council : Mr. E. J. George; Mr. J. 8S. Hollings; 
Mr. W. J. Brooke; Mr. F. Clements; 
Mr. J. E. James. 


No other Members having been nominated up to one month previous 
to the present meeting, the retiring Members were now presented 
for re-election. 


THE PRESIDENT enquired if the Members agreed to the re-election 
of the above gentlemen? (Agreed.) 


Award of the Bessemer Gold Medal to Colonel N. T. Belaiew, C.B., 
and to Monsieur Aloyse Meyer. 


Tur Prestpent (Mr. Alfred Hutchinson) announced that a 
Bessemer Gold Medal had been awarded to Colonel N. T. Belaiew, 
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C.B., a distinguished pupil of the late Professor Tschernoff of the 
Military Academy, Petrograd. During the last five-and-twenty 
years Colonel Belaiew had published a series of researches which 
bore on the crystallisation of metals and in particular of steel. These 
researches might be classified under three main heads : 

(1) He had made an extended study of the manufacture and uses 
of Damascene steel. Not only had this thrown much light on the 
remarkable properties of this material, but he had been able to 
relate the results to the manufacture of high-class steels at the 
present time, and had shown, in particular, what bearing they had 
on that of high-speed steel. He had, further, shown the value of 
macroscopic examination in regard to such products. 

(2) He had made a valuable study of the primary and secondary 
crystallisation in steel and the origin of the Widmanstatten structure 
in steel and in meteorites, and had probed deeply into the nature of 
these changes. A striking example of his insight was shown in his 
insistence on “ granulation ” in the austenitic zone, a phenomenon 
which had received its full explanation in the subsequent discovery 
of the 3-y change in iron at very high temperatures. 

(3) His third main contribution had been with regard to the 
constitution and solid geometry of pearlite, sorbite and troostite. 
He had shown the true width of the lamellz of iron and iron carbide 
in these structures, and the relation between the angle of section and 
the apparent width. In his paper entitled ‘‘ On the Inner Crystalline 
Structure of Ferrite and Cementite in Pearlite,” published in the 
Proceedings of the Royal Society, he had made the interesting sug- 
gestion of a definite unit of crystal size of iron, which had received 
confirmatory evidence from other sources. 

Throughout these investigations Colonel Belaiew had shown him- 
self a scientific investigator with true insight and imagination. Most 
of his ideas on these subjects were universally accepted and were 
regarded as part of our common knowledge about steel. 

He (the President) had listened to Colonel Belaiew’s speeches on 
many occasions at the Institute’s meetings, and to the part he had 
taken in very important matters, and it was a personal delight to 
him to present the Medal to Colonel Belaiew. 


The President then handed the Bessemer Gold Medal to 
Colonel Belaiew amidst prolonged applause. 


Colonel BELAIEw, in acknowledging the award, said he would 
like, in particular, to thank the Council for the very kind way in 
which his name had been associated with that of his teacher, Pro- 
fessor D. K. Tschernoff. ° 

There was an interesting link between the early work of Tscher- 
noff and that of Bessemer. As Sir Harold Carpenter had reminded 
them lately, Bessemer’s attention was drawn to the problem of steel 
manufacture in the course of an attempt to improve the constitution 
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of cast-iron guns. It was, likewise, by experimenting with the 
forging of steel guns that Tschernoff discovered, at the Oboukhoff 
Works, the critical temperatures “a” and “ 6,”’ which were of such 
vital importance to every steel-treater. 

In 1866, when Tschernoff joined the staff of the Oboukhoff 
Works, he found in General Kolokoltzoff—the Director of the works 
and a former Naval Attaché to the Russian Embassy in London— 
an enlightened chief, and, incidentally, a great admirer of the 
English metallurgical industry; he found in the crucible-steel shop 
seasoned old workmen, brought from Zlato-ust, some of them carry- 
ing on the Anossoff tradition of steelmaking; there were also ex- 
perienced English foremen in the forging department. As to the 
steel guns, some of them were quite satisfactory, and there was not 
the slightest doubt as to the excellent potentialities of steel as a gun 
material; but, as often as not, some other guns were thoroughly 
bad, and no one actually knew why. 

Such was the problem that confronted young Tschernoff; and he 
spent night and day at the forge, experimenting with samples of 
differently treated forgings, talking to the old workmen, and, in 
their company, training his eye to gauge correctly the temperature of 
the cooling billets. 

It was in the course of these experiments, conducted single- 
handed, amidst the din and noise of a big steel plant, but carefully 
noting all observations and recording results, that Tschernoff made 
the discovery of the critical temperatures i in steel, which was destined 
to become the nucleus of what we call the science of physical metal- 
lurgy. Thus, the collaboration between a scientifically trained mind 
—Tschernoff being a mathematician by training—and a big steel 
plant bore good and lasting results. 

Tschernoff had a faithful companion during his night vigils; 
this was the fourteenth edition of Molesworth’s Pocket Book, and 
he treasured this little volume very much indeed. Some forty 
years later (after he, Colonel Belaiew, had published his first paper 
on Damascene steel), Tschernoff handed over this volume to him 
(Colonel Belaiew), and when in 1915 he was recalled from the 
trenches and came to this country, he took this volume with him 
too. Some years later, at one of the meetings of the Council of the 
Institution of Aeronautical Engineers, he had the opportunity of 
showing it to Mr. Henry Molesworth. He took it to his father, Sir 
Guilford Molesworth, who showed a great interest in Tschernoff’s 
copy, and returned it to him (Colonel Belaiew) together with 
another one, of the twenty-eighth edition, and also with a request to 
contribute an article on the heat treatment of steel to the next 
edition. They also asked him to deliver a lecture on the structure 
of steel at the next meeting of the Institution. 

Sir Harold Carpenter came to that lecture, and by his discussion 
of the granulation zone and of the 8~y change greatly contributed 
to the interest of the lecture. 
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Next year, on Sir Harold’s initiative, an invitation was issued to 
him by the University of London to deliver a course of lectures on 
the crystallisation of metals at the Royal School of Mines. By this 
time metallographic researches had been restarted at his tiny labora- 
tory at Elvaston Place (with the assistance of Captain Brandt), and 
it was possible to include in these lectures the results of those in- 
vestigations. These lectures formed the basis of a little volume on 
the crystallisation of metals, which was published with a preface by 
Sir Harold. Subsequently, a second edition appeared in Czech, and 
lately a third, in French, edited by the Institut de la Soudure 
Autogéne. Professor Henry Le Chatelier, at whose laboratory he 
was working in 1912, contributed an introduction to that edition. 

In these lectures and in the papers to the [ron and Steel Institute 
published at that period, he was trying to develop the stereometry 
of the y grain, and the relation between the width of the lamella and 
the angle of the section in a pearlite grain. A detailed study, at 
large magnifications, of some such sections showed the existence of 
a unit of definite size in the space lattice of ferrite, and Sir Harold 
Carpenter encouraged him to present the results of these investi- 
gations in a paper to the Royal Society. 

Dr. Desch, in his May Lecture of 1928, at the Institute of Metals, 
mentioned these observations; and it seemed that, conjointly with 
others, they were paving the way for the mosaic theory of crystal 
structure, which lately, in the hands of Dr. G. I. Taylor, was as- 
suming a particularly interesting aspect as a component part of his 
theory of plasticity. 

He thought that the mosaic theory might eventually necessitate 
a revision of some of our views on the allotropy of iron, bringing 
them into harmony with Tschernoff’s views on crystal structure. 
Tschernoff always experienced some difficulty in accepting Osmond’s 
views in toto, as he strongly realised the importance of carbon and 
other elements and their influence on the lattice structure and the 
polymorphic transformations of iron, and was always therefcre 
trying to bring the allotropic theory into line with the views of Dr. 
Arnold and Sir Robert Hadfield. 

And now, looking back, he would like to acknowledge with the 
greatest reverence his indebtedness to his teacher, Professor D. K. 
Tschernoff, and to his Alma Mater, the Michael Artillery Academy. 
He also remembered with special gratitude the help given to his 
research work, during the whole of his career, by the steel industry— 
from the early days at the Putilov Works and the Oural Works, then 
at Solingen, and, later, at Dr. Stead’s suggestion, at Sheffield. 

He was very grateful to the Institut de la Soudure Autogéne, the 
Director of which, Monsieur Granjon, was the very embodiment of 
the fusion of science and industry, and he remembered Professor 
Portevin, and also Dr. Séférian, who had made some interesting 
applications of the Widmanstatten structure to the study of welds. 

But it was on the years 1915-1931—the middle part of his scien- 
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tific career—that he wished to dwell fora moment. How well did he 
remember those ever memorable early summer days of 1915, when, 
fresh from the trenches, he landed in this country with General 
Hermonius, and they were greeted everywhere by the far and wide 
cry of “ Munitions, more munitions, and still more munitions,” 
and how the country—and the steel industry—responded splendidly 
to that cry. The Iron and Steel Institute had a good share in that 
work and in the work that followed—reorganisation of research and 
industry on a thoroughly scientific basis. And in saying that, he was 
thinking of all the papers and reports presented to this Institute, 
and of the Presidential Addresses, which, in themselves, formed a 
valuable part of the Institute activities. He was thinking also of 
the pillars of the Institute whom he had the privilege to know, of 
Dr. Stead, of Dr. Arnold, and of Sir Robert Hadfield, himself a 
friend of Tschernoff, and who for twenty-five years, from 1912, when 
he proposed him for membership of the Institute, had honoured 
him with his friendship. 

And, most particularly, he was thinking of our retiring President, 
Sir Harold Carpenter, a lineal descendant of Henry Cort, thus carry- 
ing in his veins the very life-blood of the British steel industry by 
descent; and, by choice, a true representative of the scientific side 
of it, and thus offering us in his person a perfect blend of the two sides 
of our activities, science and industry. 

There were moments, when feeling weary and tired, when he 
longed for the security of mother-earth and of one’s home, and he 
wished to say how much he was indebted to his wife, Mme. Belaiew, 
and to her mother, who had given him this security, and had created 
for him his home, a very sweet home. 


THE PRESIDENT said he now had pleasure in presenting a 
Bessemer Gold Medal to Monsieur Aloyse Meyer, whose whole career 
had been devoted to the technical and industrial development of 
the iron and steel industry. He had started as an engineer in 1904 
at the Hauts Fourneaux et Aciéries de Dudelange, one of the first 
works in Europe and the first in the Lorraine-Luxemburg district 
to adopt the Thomas-Gilchrist process, which had revolutionised 
the manufacture of steel on the Continent. 

Dudelange had always maintained its rdle of pioneer in the 
Continental steel industry, and with Monsieur Mayrisch, Monsieur 
Aloyse Meyer had had a vast share in maintaining the works in 
the forefront of progressive modern steel plants. 

In 1911, as Manager of the blast-furnace plant, Monsieur Meyer 
had put into service the first dry gas-cleaning plant to be used in 
Europe, which system had done so much for the development of the 
blast-furnace gas engine and had made possible the use of high- 
pressure hot-biast stoves. 

In 1927, as General Manager of the ARBED concern formed by 
the amalgamation of the Hauts Fourneaux et Aciéries de Dudelange, 
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the Hauts Fourneaux et Aciéries de Burbach and the Société Metz 
& Cie., Monsieur Meyer had constructed at Dudelange the first 
American type of large-capacity blast-furnaces, using double skips 
and revolving hoppers, to be used for smelting the low-grade minette 
ore of the Lorraine-Luxemburg ore district. A daily output of 500 
tons had been reached with an ore averaging 26-27% of iron conter.t. 
Remarkable results had been thus achieved as to labour-saving and 
consistency of output. 

In his capacity as General Manager of ARBED, Monsieur Meyer 
had not only perfected and modernised the plants of the concern, 
but had also devoted much time and care to the education of the 
personnel. By encouraging young technical students at the works, 
and by providing for the education of skilled labourers and foremen 
at the Institut Emile Metz, he had furthered the progress of industrial 
technique, particularly in metallurgy, far beyond the immediate 
requirements of his undertakings. 

In social welfare his achievements had been no less important. 
Mr. Meyer was one of those to whom ARBED was indebted for being 
always ahead of the Government and any legislation for the protec- 
tion, instruction and assistance of the working classes and the staff. 

The development of ARBED, with connections and interests in 
Luxemburg, Belgium, Germany, France, Austria, Hungary, South 
Africa, Brazil, Argentine, &c., had placed in the hands of the general 
management the conduct of negotiations which had led about ten 
years ago to the formation of the Entente Internationale de |’Acier, 
which controlled the German, Belgian, French and Luxemburg groups. 

On the death of Monsieur Mayrisch in 1928, Monsieur Meyer had 
been elected President of the Entente Internationale de |’Acier, 
which post he still held. He had taken a very active part in its 
organisation and in that of the Comptoirs d’Exportation. He had 
directed the difficult negotiations which had led in 1935 to the 
inclusion of the Polish Works, in 1936 of the British steel industry, 
and to the agreement with South Africa and Czechoslovakia. 

The organisation of the home market and the rational distribu- 
tion of the export business between the various producing countries 
had given to the steel industry a basis of security which tended to 
check the sudden fluctuation of production and of prices, so harmful 
to the normal development of the industry and national economy. 
This was one of the chief benefits which the steel industry owed to 
the international agreements and to those like Monsieur Aloyse Meyer 
who, thanks to their intelligence and to the weight of their authority, 
had made their formation possible. 


The President then handed the Bessemer Geld Medal to 
Monsieur Aloyse Meyer amidst prolonged applause. 


Monsieur ALOYsSE MEYER, in acknowledging the presentation, 
said it would be difficult for him to give adequate expression to his 
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feelings of proud gratitude on receiving the Bessemer Gold Medal. 
He felt deeply the honour which the Institute had conferred on him 
in granting him the highest award in its gift, an award so greatly 
appreciated all over the world. He begged to express his heartfelt 
thanks to the Members of the Council for the high favour granted to 
him, and especially to the President for the very friendly words which 
he had addressed to him. 

The lustre of the award was still further enhanced by the fact 
that it was bestowed by the Iron and Steel Institute, a society highly 
representative of the metallurgists of Great Britain, the cradle of the 
iron-making art, a country which had taught the world how to make 
steel, and, more particularly, had given it the Bessemer process. 

This process, together with the discoveries of Thomas and 
Gilchrist, had brought about a true revolution in metallurgical 
methods, and this applied to the Grand Duchy of Luxemburg more 
than to any other country, for it had made it possible to establish 
in Luxemburg, a country of three hundred thousand inhabitants, 
steelworks with an output of over two million tons per year—99% 
of which was made by the basic Bessemer process, a proportion 
comparing with 5°% in Great Britain, 8% in the United States, 
40% in Germany, 65% in France and 88% in Belgium. Those 
present would understand, therefore, why the name of Bessemer 
called forth in him feelings of admiration and gratitude, and how 
proud he was to be given a medal bearing that name. 

He was especially pleased that the Bessemer Gold Medal should 
be given to him at the same time as to a great man of science, 
Colonel Belaiew. The double award of the Iron and Steel Institute 
jointly honoured Science and Industry, the combined efforts of 
which had so powerfully contributed to the development of metal- 
lurgy. This co-operation was at the basis of progress in the art of 
iron-making, and the Institute had eminently helped metallurgy in 
promoting and supporting a close collaboration between men of 
science and men of industry. 

The President had been kind enough to mention his (Monsieur 
Meyer’s) industrial work in the province of technology as well as 
in that of the international industrial agreements. It behoved 
him to remark that results in these provinces were not due to a 
single man’s efforts, but to the combined work of all who had applied 
themselves to the solution of the various problems—and he was 
pleased to see some of those men present. ‘Therefore he looked 
upon the Bessemer Gold Medal which had been awarded to him as 
being intended for all his colleagues and co-workers as well. 


Presidential Address. 


THE Presipent (Mr. Alfred Hutchinson) then delivered his 
Presidential Address. The text of this will be found on pp. 73 P to 
79 P). 
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Professor THomas TuRNER (Honorary Vice-President) said he 
was sure it would be the desire of everyone present to thank the 
President for the very interesting and encouraging Address which 
he had delivered. It would be interesting to the younger Members 
by bringing before them the history of a great industry and of the 
development of a great district, and it was of interest to the older 
ones by bringing to their recollection faces and events to which the 
President had referred. 

He remembered, for example, that when visiting Middlesbrough 
many years ago he was consulted by the firm of W. Whitwell & Co. 
in connection with puddling. The puddling industry had now 
entirely ceased in that district, but the name of Whitwell reminded 
him of the long list of Presidents of the Institute who had come from 
the Middlesbrough district—William Whitwell, Sir Lowthian Bell, 
Windsor Richards, Stead, Talbot and others. 

Towards the end of the puddling process there came the basic 
Bessemer, then the open-hearth, and then the Talbot process, and 
there had been those developments which were particularly typical 
of the Middlesbrough district on account of the class of ores with 
which they had to deal. Side by side with that there had been a 
development of the port itself, of the facilities for bringing the 
materials to the port and for bringing them away for sale. The 
President, interesting though his account had been, had been 
able to touch only the fringe of the subject. When the Members 
visited Middlesbrough for the Autumn Meeting they would find 
very much of interest, and they would receive a very hearty 
welcome. 

He must not, however, detain the meeting by reminiscences. 
His object was to endeavour to express to the President the thanks 
of the Members for his most interesting Address, and to acknowledge 
the food for thought which it contained. 


The vote of thanks was carried with acclamation, and was 
briefly acknowledged by the President. 


Presentation of Papers. 
The following Report was then presented for discussion : 


SeventH Report oN THE HETEROGENEITY OF STEEL Ineors, being a 
Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council (Special Report No. 16). 


The discussion of this Report was not finished by Yunch time, 
and was continued at the resumption of the proceedings in the 
afternoon. 
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Complete List of Papers and Reports Presented at the Annual General 
Meeting, 1937. 





‘“ SEVENTH REPORT ON THE HETEROGENEITY OF STEEL INGorts.”’ Being 
a Report by a Joint Committee of the Iron and Steel Institute and 
the British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council (Special Report No. 16). 

“THe WorK or THE CoKE RESEARCH COMMITTEES OF THE IRON AND 
STEEL INDUSTRIAL REesEARCH CounciL.” By E. C. Evans and J. M. 
Riveion (Special Report No. 17). 

¥. Apcock: ‘‘An Investigation of the Iron-Carbon Constitutional 
Diagram. Part I.—Preliminary Survey of the 6 Region.” 

SVEN BrenNERT: ‘“ Method for Testing the Resistance of Stainless Steels 
to Local Corrosive Attack.” 

8. C. Brirron : ‘‘ Some Properties of Commercial Steel Sheets Containing 
Copper, Chromium and Phosphorus.” 

H. Esser: ‘‘ The Allotropy of Iron.” 

Marie L. V. GayLer and C. Warnwaicut: “ Alloys of Iron Research. 
Part XII.—Note on the By Transformation in Manganese-Rich Iron- 
Manganese Alloys.” 

H. J. Govan, F.R.S., and D. G. Sopwitn: ‘‘ The Influence of the Mean 
Stress of the Cycle on the Resistance of Metals to Corrosion-Fatigue.”’ 

Sir Ropert HapFiesp, Bt., F.R.S., and S. A. Main: “A Practical Trial 
of Roofing Sheets of Copper Steels and other Materials.” 

J. E. Hurst: ‘‘ Some Experiments on the Influence of Silicon, Phosphorus 
and Manganese on Nitrogen-Hardening Cast Iron.” 

J.A.Jonxs: ‘* The Effect of Phosphorus on the Mechanical and Corrosion- 
Resisting Properties of Low-Carbon and of Low-Alloy Structural 
Steels.” 

H. A. Mirzy: ‘ The Thickness of Oxide Films on Iron.” 

H. O’Neri: ‘ Alloy and Fine-Grained Steels for Locomotive Coupling 
Rods.”’ 

A. M. Portevin and R. Castro: ‘The Morphology of Inclusions in 
Siderurgical Products. Parts IV. and V.” 

D. G. Sopwitn and H. J. Gouau, F.R.S.: ‘The Effect of Protective 
Coatings on the Corrosion-Fatigue Resistance of Steel.” 

Discussion, Correspondence and Reply on ‘First Report of the Alloy 
Steels Research Committee ” (Special Report No. 144). 

Discussion, Correspondence and Reply on ‘“‘ Second Report of the Steel 
Castings Research Committee ”’ (Special Report No. 154). 
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THURSDAY AFTERNOON. 
Presentation of Papers. 


The meeting was resumed at 2.30 P.m., with Mr. Alfred Hutch- 
inson, M.A., B.Sc. (President), in the Chair. After the resumed 
discussion on the “ Seventh Report on the Heterogeneity of Steel 
Ingots ”’ had been concluded, the following papers were presented : 


H. J. Gouen, F.R.S., and D. G. Sopwirn: ‘‘ The Influence of the Mean 
Stress of the Cycle on the Resistance of Metals to Corrosion-Fatigue.”’ 

D. G. Sopwith and H. J. Gouau, F.R.S.: ‘‘ The Effect of Protective 
Coatings on the Corrosion-Fatigue Resistance of Steel.” 

H. O’New: ‘ Alloy and Fine-Grained Steels for Locomotive Coupling 
Rods.” 


The first two papers were discussed jointly. 
The Meeting adjourned at 5 P.M. until 10 a.m. on the following day. 


THURSDAY EVENING. 
Annual Dinner. 


The Annual Dinner of the Iron and Steel Institute was held at 
Grosvenor House, Park Lane, London, W.1., on Thursday, April 29, 
1937. Mr. Alfred Hutchinson, President of the Institute, occupied 
the Chair, and over six hundred members and guests attended. 
The guests included The Rt. Hon. Ernest Brown, P.C., M.P. 
(Minister of Labour), The Rt. Hon. the Earl of Dudley, M.C. 
(President of the British Cast Iron Research Association), The Rt. 
Hon. the Viscount Greenwood of Holbourne, P.C., K.C., Air Mar- 
shall Viscount Trenchard, G.C.B., G.C.V.O., The Rt. Hon. the 
Viscount Furness, The Rt. Hon. Lord Aberconway, C.B.E., The 
Rt. Hon. Lord May, K.B.E., The Rt. Hon. Lord Gainford, J.P., 
Colonel N. T. Belaiew, C.B., M.R.L., and Monsieur Aloyse Meyer 
(Bessemer Gold Medallists), Herr A. von Bohlen und Halbach, 
Bergrat Dr.Techn.h.c., Dr.-Ing. O. Béhler, Professor Dr.-Ing., 
Dr.phil.h.c. P. Goerens, Professor Dr.-Ing. E. Houdremont, Hiitten- 
direktor Dr.-Ing.E.h. H. Klein, Professor Dr.-Ing.E.h. F. Korber, 
Direktor P. Maulick, Dr.-Ing., Dr.mont.E.h. O. Petersen, Dr.-Ing.E.h. 
E. Poensgen, Dr.phil. J. W. Reichert, Direktor Dr.-Ing. W. Rohland, 
Hiittendirektor a.D. Dipl.-Ing. A. Spannagel, Herr W. Baetz, 
Monsieur H. Dieudonné, Monsieur Léon Laval Tudor, Monsieur A. 
Kipgen, Colonel Sir Charles Wright, Bt., K.B.E., C.B. (President 
of the British Iron and Steel Federation), Sir Andrew Duncan (Chair- 
man of the British Iron and Steel Federation), Sir William Larke, 
K.B.E. (Director of the British Iron and Steel Federation), Colonel 
W. T. D. Tozer (Master Cutler), Sir Arthur Pugh, U.B.E., and 
Mr. John Brown (Iron and Steel Trades Confederation). 


The Loyal Toasts having been honoured, the Right Hon. ERNEST 
Brown, P.C., M.P., Minister of Labour, proposed the toast of 
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The Iron and Steel Institute and the Iron and Steel Industries. 


He said: It is a very great pleasure to me to be here this even- 
ing and to have the honour of proposing the toast of the [ron and 
Steel Institute and success to the Iron and Steel Industries. Several 
years ago, a toast of this kind would have caused a good deal of 
ironical comment and might have been regarded as a mockery ; but 
it is my good fortune to propose the toast when it is very welcome 
and appropriate to the present conditions of the industry. 

I, of course, view the industry from two points of view, first of 
all having regard to it as a great productive industry, and secondly 
from my particular watch-tower at the Ministry of Labour. That 
watch-tower is not the least interesting one in this country. It 
is a very interesting commentary on your own industry and on 
many others in recent years that when I first went to the Ministry 
of Labour I was much more concerned with problems rooted in 
worklessness than those rooted in work. To-day, as some of you 
will have noticed, we are much more concerned with problems 
which arise out of work than with those arising out of workless- 
ness. (Applause.) I do not wish to treat the latter problems 
any the more lightly on that account; the numbers are much 
smaller than they were five years ago, but an unemployed man is 
an unemployed man, a human being, a living soul, and, if he has 
native creative ability of any kind, statesmanship both in politics 
and in industry can surely find a way of harnessing that native 
ability to the total wellbeing of the State in which he lives and there- 
fore of the world of which he and we are parts. Nevertheless, that is 
a striking commentary on the problems with which we have to deal. 

People talk a great deal about planning nowadays. A good and 
practical plan is, of course, a necessity of life and no one will deny 
that that is so; but there is all the difference in the world between 
a good and practical plan and what are called views. The idea 
that a man can plan everything by writing a book seems to me to 
be a misleading one, for life is a realistic thing; it is dynamic, and 
never static. Your industry is called on to-day to grapple at 
great speed with problems which were not quite in our minds, or 
even in the minds of Lord May and his colleagues, as recently as 
three years ago. 

It is a great pleasure to me to come here and face you at a 
time when industry is flourishing, because the metal worker has 
always been at the root of prosperity even in the ancient days. 
My name to-night ought not to be Brown, though that is a good, 
democratic name; it ought to be Smith. It is no accident that so 
many inhabitants of Great Britain are named Smith; it is due to 
the fact that in ancient days the smith was perhaps the most 
important person in the economy of his native camp, village or 
town. Whether that be true as history I do not know; it is my 
own quiet reflection on what I have read and heard in the course 
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of a not inactive life. The name of the smith, the worker in metals, 
goes back far in history; poetry is packed full of him; he appears 
in ancient history as soon as the mists begin to clear away, coming 
from so far back that we cannot track him to his ancient lair. 
But I am certain that even in the days of the early cave man Mr. 
Smith was there, working in metals, beginning to understand those 
magical properties which have transformed the possibilities of our 
modern civilisation, and which now the combination of the scientist, 
the chemist, the manufacturer, and parliamentary and other states- 
men—lI say “and other ” out of deference to my hosts (laughter) — 
are permitting us to realise. 

We still have a very profound faith in free, democratic institu- 
tions in this old land, but we believe in statesmanship; but in 
statesmanship as in science the essential thing is free discussion, 
the full assemblage of all the facts concerned; and without free 
criticism there can be no final and lasting progress in any sphere. 
We do not envy the prosperity of other lands; we are glad to see 
other peoples prosperous, because we do not hold the view that 
the prosperity of one nation necessarily means the adversity of 
others. We have in the metal trades in this country, and especially 
in those great industries loosely grouped under the title of “ iron 
and steel,” the most marvellous expression of what man can do 
when man understands his problem and is given reasonable con- 
ditions in which to work that understanding out in practical and 
business life. 

Now let me, after those little generalisations, give you one or 
two facts. My statistics are strictly comparable with those of any 
period with which I may compare them. Your industry shows a 
partial recovery and a tremendous drop in the last five years in 
the numbers of those unemployed. We have not, however, got 
the number on the books that were there in 1924. In 1924 there 
were 240,000 insured workers in your group aged 16 to 64; in 
1931 there were 189,000, in 1935 there were 178,000, and in 1936, 
186,000. I have no doubt that by July 1937 we shall be again 
near the 200,000 figure. These are eloquent statistics and they 
are accurate, and they point to the reason why, I am glad to say, 
it is no mockery for me to propose this toast to-night. Perhaps 
you will bear with me while I give you the still more remarkable 
figures of the decline in unemployed workers in the industry. In 
March 1932 there were 87,000 unemployed; in March 1936 that 
figure had dropped to 32,000, and in March 1937 to 22,000, a reduc- 
tion of no less than 75% in five years. (Applause.) The produc- 
tion of pig iron has expanded from 3,772,600 tons in 1931 to 7,685,700 
tons last year, and the production of steel ingots and tastings from 
5,202,600 tons in 1931 to 11,698,200 tons last year. That is a very 
remarkable recovery, and the figures for the first three months 
show that this year is likely to be in advance of last year. 

The formidable fact exists to-day that science, the chemist, the 
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manufacturer, the worker, have given the manufacturing part of 
the world such productive capacity that unless we take a world 
view of things and realise that there has to be an entirely different 
outlook on the part of the industrial world as to the economy of 
the primary world and the purchasing power of that primary 
world, we shall not be able to take full advantage of that pro- 
ductive capacity to raise the level of civilised life to that to which 
we ought to be able to raise it. In this country, as you know, 
great strides have been made. With the end of the gold standard 
and the coming of the tariff, applied science and organisation have 
made great strides in technical efficiency and the efficiency of 
organisation. 

The progress which has been made in modernising equipment in 
the last few years can be judged by comparing the present position 
with that which existed less than ten years ago, when the Com- 
mittee on Industry and Trade issued a ‘“‘ Survey of Metal Indus- 
tries,” in which they said that there was a great lag in your indus- 
tries in this country behind Continental and American practice in 
certain processes. They found that there was not much to choose 
between the best British steelmaking practice and the best Conti- 
nental practice, but that there was a very large proportion of old 
plant. There has now been a great all-round improvement. 
Modern coking plant has been erected, which has in many cases 
been put down close to the iron and steel works, so that good use is 
made of the gas. Fuel economy has improved. A number of 
blast-furnaces, some of them of very large size, have been erected ; 
others have been remodelled, and many of the older furnaces have 
been demolished. There is an eloquent story which can be told 
in four figures: in 1926 we had 442 blast-furnaces, but now those 
figures have been reversed, and in 1936, ten years later, we had 
244. But the effect on production is not in the same proportion, 
for my researches have taught me that national policy and your 
effort have produced this result, that the average production of 
pig iron per furnace in blast, which in 1927 was 43,500 tons, in 
1936 was 69,550 tons—a very remarkable and eloquent figure. 

I do not want to talk to you about your own facts and figures, 
but it is useful to let an audience like this understand that those 
who are responsible for the government of the country at a time 
like this are not without regard to the facts which really explain 
the problems which you have to face in your sphere, and which 
we in ours have to do our best to help you to meet. 

Your industry has had a great five years, and I believe that it 
has a greater five years ahead. With the propagation of good- 
will we ought to secure a peaceful world, a world peaceable, a world 
which is quite prepared to shoulder all its responsibilities, and 
which desires to exercise its great gifts and its great productive 
capacity to raise the standard of life of the 2,000,000,000 people on 
this globe rather than for other and more sinister ends. May you 
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flourish, and may your competitors and coadjutors in other lands 
flourish, and may this Institute and the trades which are combined 
in this work have another five years even better than the five 
which have passed. As far as we are concerned, we shall do our 
best to interpret the national will and to bring statesmanship, as a 
free and democratic country always can, to help you. What we 
want is fairness in all our dealings one with the other—industry, 
Parliament and the people, and this land with other lands. I do 
not know that that ideal has ever been more fittingly summed up 
than by perhaps the greatest of all our British Victorian poets, 
Robert Browning: “ "Tis ours not to fancy what were fair in life, 
provided it could be, but to find first what may be, and then find 
out how to make it fair, up to our means ’’—a very different thing. 

I congratulate you on the years just behind you, and I trust 
that you will complete your technical reorganisation so that it is as 
ideal as brains can make it, and that your products will be used, 
whether as sword or as ploughshare, to shape the destinies of 
mankind to finer ends. (Applause.) 

It gives me great personal pleasure to link with this toast the 
name of your President. (Applause.) More than forty years’ 
experience in this trade has given you confidence in him, and has 
given him the honour of being your President. I also couple with 
this toast my old friend and fellow-campaigner in the old days, 
Lord Greenwood, who to-day is working in his own sphere for the 
advancement and wellbeing of this great industry. I give you the 
toast of the Iron and Steel Institute, and success to the Iron and 
Steel Industries. (Applause.) 


THE PresimpENnt (Mr. Alfred Hutchinson, M.A., B.Sc.): It is 
with very great pleasure that I rise to respond to the toast so 
ably proposed in the delightful speech by the Right Hon. Ernest 
Brown to which we have just listened. I am sure that the Members 
of the Institute and their guests would desire me to express their 
pleasure and satisfaction at having with us as the proposer of this 
toast the Minister of Labour. (Applause.) He is, in that capacity, 
closely associated with the prosperity of the industry, from both 
the employers’ and the workmen’s sides. 

He has proposed success to the Iron and Steel Institute, and I 
think I see signs of the fulfilment of his good wishes. In the first 
place, the membership has now reached 2,243, the highest figure 
yet recorded. (Applause.) The previous record was 2,228 in 1921. 
But it is not only figures that count. I am confident of the con- 
tinued loyalty to the Institute not only of the individual Members 
but also of the many large combines and firms which control our 
great industry; and of this I have striking proof. Recently the 
senior Past-President of this Institute, Sir Robert Hadfield, sent 
me from his Company’s annual meeting a telegram of personal 
congratulations and good wishes for my year of office, and assuring 
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me of Sheftield’s continued loyalty to this Institute. (Applause.) 
That is a most delightful gesture, which I feel sure is echoed by 
the heads of the many firms whom I see represented here to-night. 

The Iron and Steel Institute came into being at a very im- 
portant period of the history of the development of the technical 
side of the industry, following the invention of the steam engine 
and the locomotive and the consequent development of railway 
systems throughout the country, when the demand for iron and 
steel products had increased enormously. Improvements and 
inventions had, however, depended mainly on individual research 
and development, and discovery was often crippled by a lack of 
financial resources on the part of the inventors. 

Much good had already been done by the formation of local 
institutions, but the formation of the Iron and Steel Institute in 
1869 definitely gave a national and international character to the 
co-ordination of discoveries and inventions. The Institute afforded 
a means of communication between members of the steel trade 
upon matters bearing on their respective manufactures, and at the 
meetings men to whom research was the very breath of life were 
assured of a patient hearing and of a warm welcome for discoveries 
which might ultimately prove to be of benefit to the whole trade. 
One of the most striking instances of that in its early history was 
the submission to the Institute by Thomas and Gilchrist of a paper 
on the elimination of phosphorus in the Bessemer converter. Sir 
Harold Carpenter gave us a full account of this at the Dinner last 
year. The Institute was thus the means of giving to the world 
the account of a process which has probably done more than any 
other single invention to make possible the production of the 
ordinary qualities of steel in quantities which at that time were 
undreamed of. 

Thirty years later it was granted a Royal Charter, and in grant- 
ing that Charter Her late Majesty Queen Victoria paid tribute to 
the importance of the work which the Institute was carrying on, 
and recognised that at the half-yearly meetings ‘‘ matters of great 
importance and interest ” to the industry were discussed, and that 
even at that date fifty-three volumes of Proceedings had been 
published, ‘‘ forming a valuable work of reference on the metallurgy 
of iron and steel and cognate subjects.” 

Looking at the objects at which this Institute aims, we must 
stress first the importance of what I may call the academic matters, 
and of the many hundreds of papers which have been read and 
discussed at the various meetings dealing with the various aspects 
of the nature and properties of the metals with which we have to 
deal. The whole subject presents such a large field that the estab- 
lishment of Joint Research Committees of the Iron and Steel Insti- 
tute and the British Iron and Steel Federation has gradually 
developed, dealing with such important subjects as alloy steels, 
thermal treatment, the corrosion of steel, protective coatings, the 
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very large subject of the heterogeneity of steel ingots, ingot moulds, 
and steel castings. On these Committees nearly a hundred mem- 
bers are working continuously, publishing the results of their 
investigations in a series of Reports submitted from time to time 
to the Institute and forming a most valuable literature on these 
matters. For the carrying out of such research in so many direc- 
tions financial assistance is essential, and our Institute has been 
the medium through which endowments have been made by bene- 
factors to the industry. 

I would refer in particular to the Bessemer Gold Medal and 
the Andrew Carnegie Gold Medal, which may be considered to be 
the two greatest honours which the Institute can bestow. These 
have from time to time been awarded to Members from nearly 
every country into which the steel industry percolates, and only this 
morning we had the pleasure of conferring the Bessemer Gold 
Medal upon Colonel Belaiew and Monsieur Aloyse Meyer. (Applause.) 

There are many other matters which are dealt with by this 
Institute. Of very great importance are the papers dealing with 
the practical applications of discoveries not only in metallurgy but 
also in many kindred branches of science. These, by improving 
the engineering appliances connected with every steelworks, have 
been of almost equal value to the metallurgical papers, and hence 
this Institute associates itself with the many great institutions 
connected with engineering, electricity and so on, and joint con- 
ferences have been held which have been of the greatest possible 
value. 

Personally, it is my earnest wish that an ever-increasing number 
of papers on the practical side should be presented to the Institute, 
and I appeal to the younger Members of the Institute to come to 
its assistance in this direction. To me, it is a fascinating thing to 
visit any modern steelworks and see the various applications of 
technical science which in any particular plant have led to a reduc- 
tion in fuel and other costs and to the adoption of labour-saving 
devices. I would call the attention of the younger Members of the 
Institute to the Williams Prize, provided by the generosity of one 
of our late Honorary Treasurers, who set aside sufficient money 
for a prize to be given for the best paper of a practical character 


presented to the Institute in any year, the author to be a person of 


British nationality actively engaged in the iron and steel trade 
and of a standing not higher than that of a departmental manager. 
T must confess to some disappointment that the Council are from 
time to time unable to find papers of sufficient merit, and I earnestly 
appeal to Members of the Institute to encourage the junior members 
of their staffs to write papers worthy of the award 6f this prize. 
Before I sit down, I may perhaps be permitted to refer to 
another very important aspect of the work of the Institute. It 
is essentially international in its scope. We have striking instances 
of this in the very valuable papers contributed from time to time 
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by our foreign Members. Furthermore, we owe a deep debt of 
gratitude to our foreign Members and members of various technical 
societies abroad who have from time to time invited the Members 
of this Institute and their wives to foreign countries. We have 
learned that if Great Britain was in the vanguard of industrial 
progress in the nineteenth century, the Continental nations and 
America have shown themselves at any rate equal to the great 
traditions of our past; they, too, have made very remarkable 
advances in the manufacture of steel and iron. These foreign visits 
have provoked the desire to keep level in the race for technical 
efficiency, and in addition they have afforded the opportunity for 
a most happy and pleasant interchange of personal relationships 
between the Members of this Institute and the members of similar 
institutes abroad. As for the entertainment provided for us, it is 
difficult for me adequately to describe the generosity with which 
we have always been received. (Applause.) 

We have perhaps the most vivid memory of the last of these 
meetings, held at Diisseldorf last September, and I am sure you 
would like me to convey to the German friends who are with us 
our appreciation of their kindness. (Applause.) We hope that the 
visit which they are now paying to England will be some small 
return for the wonderful way in which our delightful visit to 
Diisseldorf was organised. 

I should like again to refer to the presence with us to night of 
the Minister of Labour, the Right Hon. Ernest Brown, and to 
speak of the pleasant relationships which have existed in the 
industry for many years between employers and their workers. 
(Applause.) There has been developed over a long period of years 
on both the employers’ and the employees’ side a nationalisation 
and centralisation of many labour organisations; to conferences 
between representatives of such associations of employers and 
workers are submitted the various questions which arise with 
regard to wages and conditions of employment, and in the great 
majority of cases agreement is reached and such satisfactory results 
are obtained that strikes have been almost unknown in the industry 
for some forty years. It is to me a great personal pleasure that 
we have Mr. Ernest Brown with us to-night. I am not only Presi- 
dent of this Institute but also President of the Wages Association, 
and it is a great pleasure to me to see with us to-night Sir Arthur 
Pugh, whose position in the labour world is known to you all, and 
his successor, Mr. John Brown. I should also like to pay a per- 
sonal tribute to Mr. J. A. Gregorson, who is with us to-night, to 
whose forensic ability, matched by the ability shown on the other 
side, the attainment of peace is so largely due. I know that the 
methods employed in the iron and steel trade for the settlement 
of disputes by conference rather than by legislation by the Govern- 
ment represent a policy which has won the approval of and been 
endorsed by His Majesty’s Government. 
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On behalf of the Institute, I tender our thanks to Mr. Ernest 
Brown for his presence here and for the speech in which he has 
proposed the toast of the Iron and Steel Institute. (Applause.) 


The Right Hon. Viscount GREENWOOD or HoLBourRNE, P.C., 
K.C., who responded on behalf of the Industry, said: The toast- 
master has failed to mention the only title that I have to be here 
and address you to-night, namely, that I am Chairman of Dorman 
Long & Co., Ltd.; and that is to me as great an achievement as 
any of the other distinctions which seem to take so long to announce 
when they are given before a speech. As Chairman of Dorman 
Long & Co., I speak with the greatest pleasure and with some 
pride on behalf of our industry to thank my Right Hon. friend Mr. 
Ernest Brown for his remarks with reference to our great industry. 
He has been compelled to leave, owing to the call which comes to 
him in his official capacity, and we all wish him God speed in his 
efforts to settle this London Transport trouble, which is now 
approaching a very critical stage. I must say that if anyone can 
help to settle a difficult question, I think that the Minister of 
Labour is the right man. 

I want to say also on behalf of the trade, sitting as I am to-night 
between the head of the United Steel Company of Germany and 
one of the heads of the great Krupp firm of that country, that one 
cannot but feel that our industry is more than national; it is 
supremely international. No industry in the world pools its 
knowledge or its friendships more regularly than the steel industry, 
and we welcome these friends here to-night because we are engaged 
in a common enterprise. I am glad that many of them will be 
here for the Coronation. They will see the heartfelt tribute of a 
great people spread throughout the whole world, cheering Their 
Majesties and the Royal Family whom we are prepared to support 
and protect. 

I am going to make the shortest speech, as I always do at any 
banquet which I have the honour to address. I do, however, want 
to say this, and it is important that it should be said. It is the 
greatest popular delusion that the steel trade is enjoying any more 
prosperity than is its due. People forget that for years and years— 
in the case of the Company of which I have the honour to be Chair- 
man, for fourteen years—the ordinary shareholders in many cases 
never had a dividend. Tens of millions of capital have been wiped 
out and all sorts of burdens have been borne without profit for years 
past. Now that we are coming into our own, thanks to the policy 
of the Government plus the capacity and earnestness of all ranks 
in the industry, I think it is a great mistake to impute to us a 
desire to be unfair to the public or to do other than try to preserve 
and develop our industry. Every one of us is already looking 
ahead to the time when it will not be so easy to sell steel as it is 
to-day. 
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On that point, it ought also to be understood that the steel 
trade has not the power to fix its own prices. We are an industry 
which is handed over to an impartial tribunal, for which we have 
the greatest respect; but if the tribunal fixes the prices the trade 
does not, and I think that ought to be understood. 

I feel that there is something in our great industry that makes 
a man a better and a bigger man. There is a closer contact between 
those who manage and those who work than in most industries. 
There is a human element which has helped us to carry on a most 
difficult industry through difficult times with a minimum of fric- 
tion. I sincerely hope that, in spite of some ominous symptoms, 
we shall continue that good-fellowship in our great industry which 
has hitherto been the rule. 

I would say in conclusion that in home and imperial affairs, 
both in our industry and as individuals, the Governments always 
count on us, and never without support, while in world affairs I 
feel that we are one of the cementing influences that make for 
stability, for progress and for peace. It is a great pleasure to me 
to have the honour to respond for our Industry. (Applause.) 


Mr. Joun Craic, C.B.E. (Vice-President), then proposed the 
toast of 
The Guests. 


He said: I have the honour to submit to you the toast of our 
Guests, and I am glad to think that your acceptance of the toast 
and the cordiality with which you will support it will not depend 
on anything that I have to say. I feel that as Members of the 
Institute we are honoured indeed by those who have accepted our 
hospitality and are here to-night; it would almost suffice if I 
simply read a list of their names and attempted to give some 
reasons why they are here to be sure that the toast would have 
your very loyal acceptance. I remember a few years ago that one 
of our members who was performing the task that I am now attempt- 
ing to discharge suggested that many of the guests were present at 
the invitation of the iron and steel-makers themselves because of 
the sense of gratitude that they owed to their guests in the hope 
of favours to come. Judging by some approaches made to myself, 
it would rather appear to-night as though the tables were turned, 
and that many of the guests are here because of what they hope 
to get out of some of the steel-makers! (Laughter and applause.) 
I should like to say in all sincerity, having gone through so many 
years of the other experience, that it would be delightful to think 
that that state of affairs would last for a long time; and I am 
quite sure that the measure of prosperity which the iron and steel 
trade is enjoying at the present time can be allowed to continue 
without hardship to anyone. 

It has been said that a man is known by the company he keeps, 
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and if that is true I think that we in the iron and steel industry 
must indeed feel some sense of pride that we are to-night in the 
company of so many distinguished people, occupying such great 
places in industry and in the worlds of science and commerce. It 
would be difficult for me to make reference to individual guests, 
but I am sure that you would like me specially to acknowledge the 
presence of guests from other lands to-night. (Applause.) Our 
industry to-day sets a great example, which even Governments 
might copy with some profit to themselves and to their peoples. 
In place of the spirit of keen competition, we enjoy to-day amongst 
those who are in the same industry but in different countries a very 
liberal spirit of co-operation, and a very intimate knowledge of 
the personnel of those who, like ourselves but in other countries, 
are engaged in this great industry. I think that those two factors, 
and the frequent contact with those who are in the same industry 
in other lands, demonstrate, as has already been indicated, a very 
great spirit of internationalism, and I should say of an under- 
standing internationalism. I would hope that our industry in 
that way would provide a great example for many others, so that 
in their relationships throughout the world there will be a cordial 
friendship and an absence of fear. 

We honour our guests from other lands because in many cases 
we know them intimately. During the last four or five years we 
have had a great many dealings with them, and we have learned to 
trust them and to work with them, and I would say this, that 
because of that we have contributed in no small degree to the 
prosperity of the iron and steel industry throughout this country 
and in other lands. I trust, therefore, that our guests to-night will 
feel that we are honoured by their. presence, and that in coming 
to spend with us this social hour they are more closely cementing 
the relationships which have been established between us. 

It has already been suggested that in the iron and steel industry 
our relations with labour have always been of the very happiest 
order in Great Britain. We therefore welcome to-night one who is 
the embodiment of that spirit of co-operation between employers 
and employed, Sir Arthur Pugh. (Applause.) I trust that the 
good relations which have prevailed for the last forty or fifty years 
will continue even in these difficult times to be characteristic of 
our relations with labour. 

We are deeply honoured by the presence this evening of repre- 
sentatives of the great learned societies who are contributing in 
no small degree to the knowledge of our industry, and so helping 
us to become more efficient in our service to the community. 

I have the greatest pleasure in being permittetl to associate 
with this toast the name of Dr. Poensgen, who comes to us as a 
leader of the industry in Germany, and as one with whom we have 
had many dealings. (Applause.) We have the greatest confidence 
in him. I am also delighted to associate with the toast the name 
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of Sir Arthur Pugh, whom we recognise as exemplifying the cordial 
relationship of labour and the industry. (Applause.) 


Dr.-Ing.E.h. Ernst PoENSGEN, who was received with applause 
on rising to respond for the Overseas Members and Guests, said : 
In responding to the request made to me by your very esteemed 
President, I have the honour and great pleasure of replying in the 
name of all the foreign guests and Members, and of thanking my 
friend Mr. John Craig for the cordial way in which he proposed 
this toast, and you, gentlemen, for the very kind manner in which 
you have received it. 

Being a German, I may perhaps be allowed, besides thanking 
you on behalf of all the overseas guests, to say a word on behalf 
of the German Delegation which, reciprocating the visit of the 
Iron and Steel Institute in September last to Diisseldorf, has 
accepted your kind invitation on this occasion. (Applause.) We 
all feel most gratified, and my colleagues wish me to express to you 
our appreciation of the very kind reception which we have met 
with and the very interesting programme which has been arranged 
for us. 

Addressing you as a Member of the Institute to-day, and being 
only a one-day-old Member, I must remind you not to place too 
high hopes in the speech of a one-day-old baby (laughter), even if 
that baby has been honoured with high dignity in the cradle as 
was the case with me this morning. I do not know whether in 
England you have the same custom as we have. In Germany, 
when a baby girl arrives in the world she is decorated with a pink 
ribbon, while a boy is adorned with blue. Although I stand before 
you to-night wearing a pink ribbon, I claim to be regarded as a 
boy, and I will try to be a good boy. (Laughter.) 

If I may speak here for all the foreign members and guests, 
perhaps I may be allowed to point out that the Iron and Steel 
Institute comprises to-day more than six hundred Members outside 
the British Empire, spread over more than twenty countries. The 
gentlemen from these countries will not, I hope, take it amiss if I 
do not address our hosts in the mother tongue of each one of them. 
(Laughter.) Some of my English friends declare that they under- 
stand me better when I speak French, but I shall try to-night to 
make myself understood in English. (Applause.) 

We iron and steel men of all countries in the world have always 
felt ourselves to be one great family, in spite of differences of 
temperament, of feeling and of inclination. That is the merit of 
technical societies such as the Iron and Steel Institute. We have 
always exchanged our experiences and ideas. We have visited 
each other’s works and been shown their progress, and if at any 
time there was in our family a naughty boy who would prefer to 
keep something in the dark, because he believed himself to be 
cleverer than his brethren, the latter have soon shown him that 
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they could do it and make it still better than he. (Laughter.) 
Speaking of that reminds me of Joseph in the Old Testament, who 
imagined himself to be better than his ten brothers, and, as you 
all know, in consequence met with very bad experiences. (Laughter.) 
And although I believe that we have now passed the seven lean years 
and have reached the seven fat ones, and although as I explained 
before I feel like the Benjamin of the steel family—I am afraid to 
push the comparison with Joseph and his brethren any further, 
because I might be mixing myself up with Egyptian politics 
(laughter); I am not proposing this time the toast of the ladies— 
who are not present, as we all regret—and I must also refrain 
altogether from speaking of Potiphar’s wife. (Laughter.) 

All of us belonging to the great steel family and assembled here 
know that we have come from afar to visit the mother country of 
the modern iron and steel industry, the native land of Thomas 
and Bessemer. (Applause.) Our English colleagues have received 
us like brothers and made us feel like relatives, and that is why 
we are so much at home here. I alluded this morning to the fact 
that an understanding of our community of interests, a feeling that 
co-operation is more productive than unrestricted competition, has 
begun to exist in the last few years in the economic sphere, and, 
even if all our colleagues of the steel-exporting countries have not 
yet associated themselves with our agreements, the circle of partici- 
pants becomes larger every year, and even in those places where no 
agreement has yet been reached a friendly understanding in some 
cases has resulted. 

I have noticed in some papers the opinion that, having regard 
to the present conditions, export cartels might be considered 
superfluous, as at the moment each of us is in a position to sell 
every ton of steel that he can supply, and even at any price, if he 
can supply it quickly. I believe that that would be a wicked 
fallacy (cheers), because we must remember that conditions to-day 
are quite different from what they were in times of any former 
prosperity. While the figures of world steel production for 1936 
have passed the high level of those of 1929, the curves of world 
steel trade are quite different, and the present exports of steel are 
only 60% of the exports in the previous boom, and it was not until 
last September that they began to rise. In the years after the 
War, the purchasing power of the overseas countries, in conse- 
quence of the high prices of raw materials, was proportionately 
high, and production followed the rising demand; but now pro- 
duction has increased on account of internal requirements and 
primarily concerns home purposes. The moment that home 
requirements decrease in any of the participating ¢ountries there 
will again be a surplus of steel in the world, and it will be necessary 
once more to regulate our trade and work together to develop the 
export markets, if we wish to avoid the setting-in of a slump such 
as we experienced in the year 1932. 
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And now I must make a confession. When I spoke about the 
seven fat years I told you the story the wrong way round. I am 
certain that you are all so scripture-conscious that you noticed this 
yourselves. (Laughter.) In Egypt the fat years came first and the 
lean ones followed. Like Joseph, every good housekeeper in good 
times ought to make the necessary provision for bad ones, and 
that is one reason more why I am pleading for export cartels. 

We all know that the scarcity of iron in the world is primarily 
caused by the lack of ore and scrap. Thanks to the energetic 
initiative of Captain Elliot, it has been possible in a very short 
time to effect an agreement in regard to scrap in the purchasing 
countries, and I believe that in the ore-importing countries too we 
must come together in order to make new sources of ore available 
in the world. Sympathetic co-operation in research, in technical 
matters, in selling our steel products and in securing our raw 
materials is, in my opinion, the greatest need of our time. I feel 
that we all agree on this point, that we can always count on the 
assistance and goodwill of our English friends. 

I feel sure that I have the approval of all the guests in thank- 
ing our hosts, the British Iron and Steel Institute, and I raise my 
glass to good international co-operation and understanding. 
(Applause.) 


Sir ArtHuUR Pucu, C.B.E., who responded on behalf of the 
English guests, said: I can echo the sentiments expressed by Dr. 
Poensgen in his reply to this toast. To be a guest at the annual 
function of the Iron and Steel Institute is a pleasure in itself; to 
respond on behalf of the British guests is a double pleasure. On 
this occasion it is especially so to me, having regard to the fact 
that your President, our Chairman this evening, is a gentleman 
with whom I have been associated for many years in joint activities 
the results of which must appeal to the Minister of Labour and have 
played no unimportant part, I venture to say, in the smooth and 
successful operation of the great industry with which your Institute 
is so directly connected. (Applause.) 

Industrial relations are, of course, an important factor in our 
national life. Reference has been made to their success in the 
iron and steel industry. I have had many experiences in the years 
during which I have been engaged in work involving such relations, 
and, since it is within the competence of anyone who speaks at a 
gathering like this to tell a story, I have reminded myself of a case 
where the relations between a workman whom I knew and his 
foreman were not of the most friendly character. The workman 
mentioned the matter to one of his mates, and said that he could 
not get on with the foreman, who was always grumbling. ‘‘ Why 
don’t you give him a good cussin’, like I do?” said his mate. 
That rather appealed to him, and he went away and thought it 
over. Next day he met his mate again, and he said “ I’ve had 
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another row with the foreman, and I gave him a darned good 
cussin’, but I’ve had a week’s notice. How is it when you did 
the same thing you didn’t get the sack?” ‘ Well,” was the reply, 
“you surely weren’t such a fool as to cuss him so’s ’e could ’ear 
you, were you!” (Laughter.) ‘You shouldn’t have done that; 
I allus cuss ’im when he ain’t there.” (Laughter.) 

Functions of this kind, I believe, are characteristic of British 
communities. Douglas Jerrold once said that if an earthquake 
happened in Great Britain, the following day Britishers would be 
found getting together in some way or other to celebrate the event. 
(Laughter.) Thinking of that, and having in mind my experience 
of the conditions in the iron and steel industry for many of the 
post-war years, I cannot help thinking that that must have been 
to some extent the mood in which many of the functions of the 
Institute during those years must have been held. (Laughter.) 
Certainly you then had little ground for any particular jubilation, 
and one is glad to find the change to which the Minister of Labour 
referred, and which I feel sure must afford satisfaction to all the 
Members of your Institute, because the results of its research 
workers can now be applied to the fullest extent to enable the 
industry to meet the extraordinary demands which have been 
made upon it, while the manufacturers will have some freedom from 
the financial and other anxieties which are inseparable from running 
a plant part-time or having it idle. It is certainly very satisfactory 
to the workpeople to have fuller employment and a better standard 
of life for themselves and those dependent on them. For all these 
reasons we feel a sense of satisfaction in the changed conditions as 
compared with a few years ago. 

The British guests have had a very happy time at your gather- 
ing this evening, and they will not be disposed to disagree with the 
gentleman who said that after dinner a man may forgive anybody, 
even his relations. (Laughter.) That gentleman must have been 
thinking of the dictum of Shakespeare that good welcome, good 
company and good wine made good fellows; and undoubtedly 
those qualities have not been absent from our function to-night. 
I feel sure that all the British guests have enjoyed themselves, but 
if, as our Scotch friends say, “ there is anybody otherwise minded,” 
let him stand up or else for ever hold his peace. Your hospitality 
has been lavish, your welcome most cordial, and everyone, I feel 
sure, feels the better for having been here to-night. I should like 
to thank Mr. Craig for the kind way in which he proposed this 
toast, and the Members of the Institute for the cordial reception 
which they gave to it. (Applause.) 


The President. 


Mr. JAMES HENDERSON (Hon. Treasurer) said: You will notice 
that the last toast, that of the President, bears the name of no 
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proposer. I imagined that our worthy Secretary felt that this toast 
would come spontaneously from the hearts of everyone and that it 
would need no proposing ; but our friend and guide the toastmaster 
thinks otherwise, and the toast must be made vocal. Good wine, 
however, needs no bush, so that I do not propose to enlarge on the 
good qualities of our President. In over forty years’ membership 
of this Institute, I do not remember a gathering in London so 
large in quantity and so distinguished in quality, and I feel that 
that is a good augury for the term of office that our President has 
commenced to-day. (Applause.) I ask you to join with me in 
congratulating him on attaining the high honour of the Presidency 
and in wishing him every success during his term of office. 
(Prolonged appiause.) 


THe Preswwent (Mr. Alfred Hutchinson) replied: At this late 
hour I am not going to do more than say thank you. I am very 
glad to have taken office in a year when the membership of the 
Institute is so flourishing, and I hope that I shall do full justice to 
the confidence you have placed in me. (Applause.) 


Fripay Morning, Aprit 30, 1937. 


The meeting was resumed at 10 a.m. on Friday, April 30, 1937, 
Mr. Alfred Hutchinson, M.A., B.Sc. (President), occupying the 
Chair. 

Andrew Carnegie Scholarships. 


THE SECRETARY announced that Andrew Carnegie Research 
Scholarships had been awarded to the following : 


G. E. A. Bramitey (The University, Sheffield): £100 in aid of a research 
on the oxygen content of steel. 

P. T. Carrer (Armstrong College, Newcastle-on-Tyne) : £100 for an inves- 
tigation of the properties of graphite. (Second grant.) 

H. A. Mitey (The University, Cambridge): £100 in aid of a research on 
the thickness of thin oxide films on iron and the law of growth at 
ordinary temperatures. (Second grant.) 

G. T. Ricuarpson (The University, Leeds): £50 in aid of a research on 
the influence of varying atmospheres on steels. (Third grant.) 

(The above researches are being carried out on behalf of Committees 
of the Institute.) 

G. M. Dyson (Loughborough College): £50 in aid of a research on the 
distribution of gases in cast iron, and the influence of founding and 
pouring methods on the structure, composition and gaseous distribution 
in cast iron. (Second grant.) 

E. Horscu (Eisenhiittenminnisches Institut der Technischen Hochschule 
Berlin) : £100 in aid of an investigation on the breakdown of alitised, 
that is, aluminium-coated, coatings on cast iron and steel. 

J. A. VERO (Sopron, Hungary): £100 for an investigation of the depend- 
ence of the structure of cast steel on the rate of cooling. 

J. Wu1vE (Drumchapel, Glasgow): £100 in aid of a research on equilibria 
at high temperatures in melts containing ferric oxide. (Second grant.) 
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Andrew Carnegie Silver Medal. 


THE PrEsIDENT (Mr. Alfred Hutchinson) said that the Andrew 
Carnegie Silver Medal for 1936 had been awarded to Dr. H. Esser for 
his paper on “ The Allotropy of Iron,” published in the volume of 
Carnegie Scholarship Memoirs for 1936. 


Williams Prize. 


THE PrestpEnt (Mr. Alfred Hutchinson) announced with great 
regret that no award of the Williams Prize had been made for the 
year 1936. He would like to draw attention, he said, as he had at 
the Dinner the previous night, to the lack of papers coming within 
the conditions for the award of this prize, and he made a strong 
appeal to chiefs of staffs and others to encourage their younger men 
to submit papers of a character which would qualify them for the 
prize. The prize took the form of a money award to the author of a 
paper of a practical character adjudged by the Council to be the 
best paper of that character presented to the Institute and accepted 
for publication at the Annual or Autumn Meeting each year, the 
conditions being that the author of the paper shall be a British 
subject regularly employed in a British iron or steel works, and that 
at the time of presenting the paper he shall be employed in such 
works in a position not superior to that of manager of any one 
technical department. 


Presentation of Papers. 
The following papers were then presented for discussion : 


THE WoRK OF THE CoKkE RESEARCH COMMITTEES OF THE IRON AND 
Steet InpustRiAL RESEARCH Councit. By E. C. Evans and J. M. 
Ripecion (Special Report No. 17). 

Sir Ropert Hapriz.p, Bt., F.R.S., and S. A. Main: ‘“ A Practical Trial 
of Roofing Sheets of Copper Steels and other Materials.” 

H. A. Mitry: ‘“‘ The Thickness of Oxide Films on Iron.” 

J. A. Jones: “‘ The Effect of Phosphorus on the Mechanical and Corrosion- 
Resisting Properties of Low-Carbon and of Low-Alloy Structural 
Steels.” 


The meeting then adjourned for lunch. 


Fripay AFTERNOON. 
The meeting was resumed at 2.30 p.m. on Friday, April 30, 1937, 
Mr. Alfred Hutchinson, M.A., B.Sc. (President), being in the Chair. 
Presentation of Papers. . 
The following papers were then presented for discussion : 
F. Apcock : ‘ An Investigation of the Iron-Carbon Constitutional Diagram. 


Part I.—Preliminary Survey of the § Region.” 
H. Esser: “ The Allotropy of Iron.” 


, 
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Marie L. V. GAyYLER and C. Warnwricut: ‘“ Alloys of Iron Research. 
Part XII.—Note on the By Transformation in Manganese-Rich Iron- 
Manganese Alloys.” 

S. C. Brirron : “‘ Some Properties of Commercial Steel Sheets Containing 
Copper, Chromium and Phosphorus.”’ 


Vote of Thanks to the President. 


Sir HaroLtp CaRPENTER, F.R.S. (Past-President), in moving a 
hearty vote of thanks to the President, said his mind went back 
to what seemed a long time ago, but was in fact only ten o’clock 
the previous morning, when the room was filled for one of the 
most impressive opening meetings which he could ever remember. 
It gained added significance from the fact that there was a large 
number of distinguished foreign visitors present, including, as the 
President had pointed out, a number of Ladies, who graced the 
meeting in a way in which the meetings of the Institute had never 
been graced before. The whole meeting had been a great success. 
The Members would recall the President’s delightful Address the 
previous day, his very interesting speech at the Dinner, and the 
courtesy with which he had guided the discussions, and would 
desire to accord him a very hearty vote of thanks. 


The vote of thanks was carried with acclamation. 


Tue Presipent (Mr. Alfred Hutchinson) in reply, thanked Sir 
Harold Carpenter for the kind things he had said. Personally, 
it had fallen to him on many occasions to propose the vote of thanks 
to the President, and it was a great delight to him on the present 
occasion to be the recipient of it. He agreed with Sir Harold that 
the meeting had been rendered an even greater success than usual 
by the presence of so many distinguished foreign Members of the 
Institute and their very delightful Ladies. 


Vote of Thanks to the Institution of Civil Engineers. 


THE PReEsIDENT (Mr. Alfred Hutchinson) said that the last 
business was to pass a vote of thanks to the Institution of Civil 
Engineers for placing their lecture theatre at the disposal of the 
Institute. It was just one instance of the great value of co- 
operation between the various scientific and technical societies of the 
metropolis. After all, they were members one of another and were 
all seeking to promote the best interests of a great industry in which 
they were called on to play a great part. 


The vote of thanks was carried with acclamation, and the pro- 
ceedings then terminated. 
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Patronage of the Institute. 


His Masesty Kine Grorce VI. has been graciously pleased to 
extend his patronage to the Institute. The Council wish to record 
their deep appreciation of this honour. 


The Annual Report. 


The Annual Report of the proceedings and work of the Iron and 
Steel Institute during the year 1936 is submitted by the Council for 
the approval of Members at this, the Sixty-Eighth Annual General 
Meeting. 

ROLL OF THE INSTITUTE. 


Three hundred and thirty-three new Members and seventy 
Associates were elected during the year; twelve Associates were 
transferred to membership and fifteen Members were reinstated. 
The membership of the Institute at December 31, 1936, was two 
thousand two hundred and forty-three, an increase of three hundred 
and twenty-eight during the year and the largest number yet 
recorded. The details of the membership are as follows : 


Patron . , t ; : : ; : 1 
Honorary Members . : : : , : 15 
Life Members . : ; : f : : 67 
Ordinary Members . , 1 , ; . 2042 
Associates . ; ; : : , : 118 

2243 





Included in the total of Members, as given above, are seven whose 
names are retained on the Register by order of the Council in an 
honorary capacity. 

Resignations include those of twenty-four Members and two 
Associates, and twenty-two Members died. 


Variations in the membership since the foundation of the Insti- 
tute in 1869 are given in the graph, Fig. 1. The increase in the 
membership reflects the increased activity in the industry, and is 
also largely due to the proposals introduced during the year, in 
accordance with which companies subscribing to the Special Sub- 
scription Fund of the Institute are enabled to nominate members of 
their staffs, who are qualified, to join the Institute, and to set the 
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amount of their entrance fees and first year’s subscription (but not 
those for subsequent years) against the amount of the companies’ 
subscriptions to the Fund. At the end of the first year Members and 
Associates nominated in this way become personally liable for their 
subscriptions, but companies are enabled to nominate additional 
members of their staffs to join the Institute as long as they continue 
to subscribe to the Fund. Two hundred and fourteen Members and 
forty-one Associates took advantage of these provisions to join the 
Institute during the year. 

The increase of fifty-six in the number of Associates during the 
year, from sixty-two at the beginning to one hundred and eighteen at 
December 31, 1936, is considered by the Council not unsatisfactory ; 
it reflects the increased interest felt in the work of the Institute by 
younger members of the industry, as well as by those engaged in 
research. The Council, however, desire that the number of Associates 
should be still further increased, in order that the benefits of member- 
ship of the Institute and an increased interest in the technical and 
scientific basis of the manufacture of iron and steel may be widely 
spread among those who have newly joined the industry. 

Among the new Associates are twenty-two who have joined 
as the result of the scheme of co-operation with the American 
Institute of Mining and Metallurgical Engineers, to which reference 
was made in the last Report. 


OBITUARY. 


The Council regret to record the deaths of the following twenty- 
one members of the Institute, which occurred during the year 1936 : 


Angus, J.(London) . : . August 2. 
Appleyard, F. (Newport, Shropshire) : g 
Beardshaw, W. F. (Sheffield) ‘ ; . February 28. 
Cameron, C.8. (Montreal) . , ; . October 13. 
Chambers, F. (Chesterfield) . ; : ; ¢ 
Cowper-Coles, 8. O. (Sunbury) ‘ ‘ . September 9. 
Forbes, W. A. (New York) . : . . April 7. 
Gray, A. (Motherwell) ; . ‘ . February. 
Hirst, H. (Harrogate) . . ; ; ‘ 2 
Hunter, Sir J. (Glasgow) . : ‘ . October 17. 
Rt. Hon. Lord Invernairn of Strathnairn 

(Glasgow) (Past-President) . ; . April 10. 
Jannin, L. (Billancourt, France) . March 6. 
Le Chatelier, H. (Paris) (Hon. Vice- President) September 17. 
Melling, S. (Wigan) ‘ October 18. 
Mitchell, W. C. (Chardon, U.S. ‘A. ) (Life Member May 23. 
Motrico, Conde de (Bilbao) . ; March 14. 
Nicholson, E. D. (Oswestry) . ; ‘ . June 8. 


Noda, T. (Yawata, Japan) . , ‘ . January 9. 
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Sota, Sir Ramon de la (Bilbao) ; . August 7. 
Taudevin, E. P. (Sheffield) . 5 : . June 25. 
Tosh, E. L. (Ulverston) , R , . September 19. 


The death of the following member took place prior to 1936, 
but has not been previously recorded : 


Bjérnstad, B. (Oslo). ‘ ; d . May, 1935. 
The following four Spanish Members have been reported killed : 


Arriluce de Ibarra, Marques de. 
Elias y Suarez, Pedro. 

Herrero Egana, Andres. 

Orueta y Rivero, José de. 


The Council desire to place on record their sincere regret at the 
death of the Rt. Hon. Lord Invernairn of Strathnairn, a Past- 
President, and of Professor H. Le Chatelier, Honorary Vice-President. 
Lord Invernairn was a very old member of the Institute, his election 
having taken place in 1879. He became a Member of Council in 
1891 and a Vice-President in 1905. In 1912 he became the Honorary 
Treasurer, and in 1916 was elected President. In 1918 he was 
awarded the Bessemer Gold Medal. Professor Henry Le Chatelier, 
famous as a physicist, chemist and engineer, became a Member of 
the Iron and Steel Institute in 1904. The Bessemer Gold Medal was 
conferred upon him in 1911. In 1924 he was elected an Honorary 
Vice-President. 

Mr. W. C. Mitchell, who had joined the Institute in 1903, was a 
Life Member. 


FINANCE. 


The ordinary income of the General Fund was £10,972 Os. 2d., 
an increase of £2,183 3s. 5d. over the commnenentane, figure for the 
previous year, and the expenditure was £12,855 13s. 3d., which 
represents an increase of £2,134 4s. 10d.; the excess of expenditure 
over income was, therefore, £1,883 13s. ld., or £48 18s. 7d. less than 
in the previous year. As during former years, the receipts from the 
Special Subscription Fund have been taken into account. These 
have increased by £1,296 and amounted to £3,306; £499 8s. Od. has 
been transferred to the Reserve Accounts for the Ten-Year Index 
and Entrance Fees, and £699 6s. 0d., being chargeable to subscriptions 
paid on behalf of new Members and Associates nominated by com- 
panies, has been included in the total figure of ordinary income already 
mentioned ; the balance remaining was £2,107 6s. Od., which sufficed 
to wipe off the excess of expenditure over income and enabled a 
sum of £223 12s. 11d. to be transferred to the Balance Sheet. 

The increase in the income of the Institute during the year was 
largely due to the welcome increase in the membership, and of this 
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new Members nominated by companies formed a large proportion. 
There was also an increase of £750 in the grant from the Iron and 
Steel Industrial Research Council for secretarial services rendered to 
the joint research committees and for the preparation of the 
Institute’s Bulletin. The Research Council have been able to make 
this increase in their grant without detriment to their own finances, 
owing to the Institute’s contribution to their General Research 
Funds having been admitted as grant-earning by the Department of 
Scientific and Industrial Research. 

The increase in expenditure reflects the increase in the Institute’s 
activities. Increased membership involves increased expenditure 
owing to the greater volume of services rendered to Members; unless 
the Institute were active in furthering the interest of its Members, 
it would not be fulfilling its duties. Great care is being exercised by 
the Council to control expenditure and to avoid any but essential 
increases. 

The net cost to the Institute of the Symposium on the Welding 
of Iron and Steel, held in May, 1935, and of the publication of the 
proceedings was £613 18s. 8d., and this figure has been included in the 
expenditure for the year. This amount represents the net cost to 
the Institute, except that a small sum realised from sales since the 
end of the year will be included in the accounts for 1937. It is 
satisfactory to note that of a total printing of 2000 copies practically 
all copies of the Proceedings of the Symposium have been sold. 
The Council are satisfied that the results obtained have amply 
justified its organisation, and they consider that the expenditure 
incurred is commensurate with the interest which the Symposium 
had to the Institute as the society principally concerned with its 
organisation. 

The Council have continued their policy of consolidating the 
reserves of the Institute. The particulars as given in the Balance 
Sheet are self-explanatory. In accordance with the usual pro- 
cedure, no value has been attached to subscriptions in arrear, the 
stock of journals, the library or the office furniture. 

The investments of the General Fund and of the Life Composition 
Fund are valued at cost at £23,873 12s. 4d. and £3,081 15s. 2d., 
respectively, the market value at the end of the year in the two cases 
being £28,512 6s. 10d., and £3,337 3s. 10d. The investments have 
been carefully scrutinised, and the Council have decided that no 
useful object can be attained by making changes at the present time. 

The Council wish again to express their grateful thanks to the 
companies and associations which have, during the year under 
review, contributed to the Special Subscription Fund, as well as to 
those individuals who have personally interested*themselves in 
securing these subscriptions. 

Mention is made elsewhere of the beneficial results obtained by 
the increase in membership from nominations of members of their 
staffs by subscribing companies; here it is necessary only to repeat 
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that without these special subscriptions it would be impossible for 
the Institute to maintain its present level of service to Members and 
to the industry, or further to develop that service. The Council 
hope that these subscriptions will be continued, and that companies 
and associations which have not subscribed in the past will do so in 
the future, so-that the basis from which this Fund is obtained may 
be as wide as possible. 

The following have subscribed during the year ending 
December 31, 1936: 


Edgar Allen & Co., Ltd. 

Andrews Toledo, Ltd. 

John Baker & Bessemer, Ltd. 
Baldwins, Ltd. 

Arthur Balfour & Co., Ltd. 
Frederick Braby & Co., Ltd. 

The Brightside Foundry & Engineering Co., Ltd. 
Briton Ferry Steel Co., Ltd. 

Broken Hill Proprietary Co., Ltd. 
Burnell & Co., Ltd. 

Bynea Steel Works, Ltd. 

Clay Cross Co., Ltd. 

Colvilles, Ltd. 

Consett Iron Co., Ltd. 

Darwen & Mostyn Iron Co., Ltd. 
Davy Brothers, Ltd. 

Dorman, Long & Co., Ltd. 

Thos. Firth & John Brown, Ltd. 
General Refractories, Ltd. 

Guest Keen Baldwins Iron & Steel Co., Ltd. 
Guest Keen & Nettlefolds, Ltd. 

J.J. Habershon & Sons, Ltd. 
Hadfields, Ltd. 

Imperial Chemical Industries, Ltd. 
Kayser Ellison & Co., Ltd. 
Lancashire Steel Corporation, Ltd. 
Arthur Lee & Sons, Ltd. 

Llanelly Steel Co. (1907), Ltd. 

John Lysaght, Ltd. 

Neepsend Steel & Tool Corporation, Ltd. 
Newton Chambers & Co., Ltd. 

Old Castle Iron & Tin-Plate Co., Ltd. 
Samuel Osborn & Co., Ltd. 
Outibridge Silica Firebrick Co., Ltd. 
Park Gate Iron & Steel Co., Ltd. 
Sheepbridge Coal & Iron Co., Ltd. 
Sheet Makers’ Conference. 
Simon-Carves, Ltd. 
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South Durham Steel & Iron Co., Ltd., and Cargo Fleet [ron 
Co., Ltd. 

South Wales Siemens Steel Association. 

Spear & Jackson, Ltd. 

Stanton Ironworks Co., Ltd. 

Staveley Coal & Iron Co., Ltd. 

Stewarts & Lloyds, Ltd. 

John Summers & Sons, Ltd. 

Tata, Ltd. 

Richard Thomas & Co., Ltd. 

United Steel Companies, Ltd. 

Upper Forest & Worcester Steel & Tinplate Works, Ltd. 

Vickers, Ltd. 

T. W. Ward, Ltd. 

Welsh Plate & Sheet Manufacturers’ Association. 

Whitehead Iron & Steel Co., Ltd. 


The Accounts of the Andrew Carnegie Research Fund and of the 
Williams Prize Fund are also submitted, as audited. 

The income of the Carnegie Fund at £1,151 6s. 5d. shows no 
appreciable change from that of the previous year; expenditure 
amounted to £1,318 Os. 7d., an increase of approximately £100 on the 
comparable figure of £1,220 2s. 6d. of the previous year. 

Grants for research during the year amounted to £1,175, instead 
of £929 3s. 4d. as in the previous year; these figures represent a net 
cost to the Fund of £825 Os. Od. and £720 16s. 8d., respectively. 
Expenditure exceeded income by £166 14s. 2d., as compared with 
£40 12s. Od. in the previous year. The Fund has in previous years 
accumulated substantial assets, so that the Council consider that they 
are justified in awarding additional grants when applications of 
particular interest are made, but it is not their intention to depart 
from their previous policy of consolidating the capital resources of 
the Fund. They consider the high merit of the researches published 
in the volume of the Carnegie Scholarship Memoirs, vol. 25, for 1936, 
has justified the grants awarded, but they deplore the absence of 
applications from research workers engaged in a practical capacity in 
iron and steel works or for investigations of a practical nature. 
With a few exceptions, the applications for grants have been made by 
research students at technical colleges, universities and other 
laboratories not directly connected with iron and steel works. It 
is the intention of the Council to give sympathetic consideration to 
all applications for research of a practical nature, or by those 
directly connected with iron and steel works, provided that the 
proposed researches appear to be of sufficient merit? 

No award of the Williams Prize was made during the year under 
review, with the result that the income of the Fund during the year, 
amounting to £107 17s. 6d., has been carried to the Balance Sheet, 
and there added to the sum of £276 15s. ld. remaining unexpended 
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from the previous years. Attention is drawn elsewhere to the 
absence of papers qualifying for the award of this prize. The 
finances of the Fund have benefited accordingly, but the Council 
deeply deplore their inability to award this valuable prize. 

The investments of the Andrew Carnegie and Williams Prize 
Funds are valued at cost at £25,355 16s. 10d. and £2,200, respectively ; 
the market values at the end of the year were £32,695 0s. 6d. and 
£3,191 5s. Od. 

Separate accounts for the Bessemer Gold Medal Fund are not 
given, as the income derived from the investments of the Fund and 
the cost of providing the annual gold medal are, as usual, included in 
the General Accounts of the Institute. 


BrEsSEMER GOLD MEDAL FOR 1936. 


The Bessemer Gold Medal for 1936 was presented to Mr. Fred 
Clements in recognition of the many valuable services which he had 
rendered to the iron and steel industries, particularly for his contribu- 
tion to the practical application of metallurgy to industry. 


CHANGES ON THE COUNCIL. 


Nomination of Presidents for 1937 and 1938.—At the Autumn 
Meeting in Diisseldorf, it was announced that the Council had 
nominated Mr. Alfred Hutchinson, M.A., to become President of the 
Institute for the year 1937-38; he will take Office at the present 
Meeting. As Mr. Hutchinson had expressed the wish to retain the 
Presidency for not longer than one year, the Council had nominated 
The Rt. Hon. the Earl of Dudley, M.C., to succeed him in May 1938. 

Other Changes.—As stated above, the deaths of The Rt. Hon. 
Lord Invernairn of Strathnairn and Professor H. Le Chatelier 
occurred during the year. 

Mr. Henry C. Bond expressed his desire to retire from the 
Council, owing to the severence of his connection with the industry, 
and Mr. E. J. Fox was elected a Member of Council in his place ; 
Mr. Bond was nominated an Honorary Vice-President. Mr. T. G. 
Bamford succeeded Mr. J. T. Wright as Honorary Member of Council 
on being elected President of the Staffordshire Iron and Steel 
Institute, Mr. W. B. Baxter succeeded Mr. G. W. D. Townsend 
on his election to the Presidency of the Lincolnshire Iron and Steel 
Institute, and Mr. F. W. Bowden succeeded Mr. F. Bainbridge as 
President of the Cleveland Institution of Engineers. 

In accordance with Bye-Law 10, the names of the following Vice- 
Presidents and Members of Council were announced at the Autumn 
Meeting as being due to retire at the Annual Meeting in 1937 : 

Vice-Presidents—Mr. C. E. Lloyd; Dr. W. H. Hatfield, 
F.R.S.; Sir William Larke, K.B.E. 

Members of Council_—Mr. E. J. George; Mr. J. 8. Hollings ; 
Mr. W. J. Brooke; Mr. F. Clements; Mr. J. E. James. 
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No other Members having been nominated up to one month 
previous to the Annual Meeting, the retiring Members are presented 
for re-election. 

Since the close of the year Dr. Fritz Springorum and Dr. Ernst 
Poensgen have been nominated Honorary Vice-Presidents, and Dr. 
O. Petersen an Honorary Member of the Institute. The Hon. 
Roland D. Kitson, D.S.O., hitherto an ordinary Member of Council, 
has been nominated an Honorary Vice-President, and Professor 
W. A. Bone, F.R.S., hitherto an ordinary Member, has been 
nominated an Honorary Member of the Institute. 


Honours CoNFERRED ON MEMBERS. 


The Council offer their hearty congratulations to Members of the 
Institute on honours and appointments received during the year 
1936. 

On Mr. T. J. Hartigan the honour of the C.M.G. was conferred. 
Sir Robert Mond was made a Commander of the Legion of Honour, 
and Lord Riverdale was awarded the Order of Jade by the Chinese 
Government. Mr. W. R. Lysaght, C.B.E., was appointed Deputy 
Lieutenant of Monmouthshire, and was also awarded the Freedom of 
the Borough of Newport. Mr. T. E. Holgate was granted Honorary 
Freedom of the Borough of Darwen. 

Sir Harold Carpenter, F.R.S., received the honorary degree of 
Doctor of Science at Sheffield University, while Professor A. A. Read 
received a similar honour from the University of Wales; Dr. H. 
Sutton received the D.Sc. degree from Manchester University. 
Mr. H. A. Schwartz received the honorary degree of Doctor of 
Engineering and Mr. J. V. Emmons the degree of Met. Eng. from the 
Case School of Applied Science. 

Mr. G. E. Wolstenholme was elected a Fellow of the Royal 
Society, and Professor W. A. Bone, F.R.S., was awarded that 
Society’s Davy Medal, while Sir Robert Mond received the Messel 
Medal of the Society of Chemical Industry; Mr. G. D. Delport was 
the first recipient of the Bronze Medal of the Australasian Institute 
of Mining and Metallurgy. Professor A. Stansfield became Emeritus 
Professor of Metallurgy at McGill University, and Mr. J. M. Lessells 
was appointed Associate Professor of Mechanical Engineering at the 
Massachusetts Institute of Technology. Professor Bradley Stoughton, 
Head of the Department of Metallurgy, Lehigh University, was made 
the University’s first Dean of Engineering to co-ordinate various 
departments under one head. Dr. C. H. Desch, F.R.S., was 
elected one of the Managers of the Royal Institution for the ensuing 
year. Sir Robert Hadfield, Bt., F.R.S., was elected a Foreign 
Member of the Norwegian Academy of Science and Letters in Oslo, 
in Group 1 for Mathematics and Natural Sciences, and was also made 
an Honorary Member of the Société de l’Industrie Minérale. Pro- 
fessor A. M. Portevin was elected an Honorary Member of the 
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Institute of British Foundrymen; Sir Harold Carpenter, F.R.S., 
was invited to become a Corresponding Member of Ingeniérs 
Vetenskapsakademien, Stockholm, and Sir William Larke, K.B.E., 
has received a similar honour from the Royal Swedish Institute for 
Engineering Research. In September, 1935, Mr. A. B. McIntosh 
was awarded the Ferguson Fellowship in Applied Chemistry, for 
two years; he is working under Professor Hay. 

Mr. A. Crooke was elected Chairman, and Mr. W. J. Brooke Vice- 
Chairman, of the Lincolnshire Ironmasters’ Association. Mr. J. H. 
Herron was nominated for the Presidency of the American Society 
of Mechanical Engineers for the year 1937, while Sir Robert Mond was 
selected for the similar position of honour in the Société de Chimie 
Industrielle. Sir William Larke, K.B.E., was elected President of 
the Junior Institution of Engineers, Professor F. Bacon of the South 
Wales Institute of Engineers, Professor J. H. Andrew of the 
Sheffield Metallurgical Association and Dr. T. Swinden of the 
Sheffield University Association. Mr. K. C. Appleyard was made 
Chairman of North-East Trading Estates, Ltd., a concern formed, 
at the suggestion of the Special Areas Commissioner, to acquire a 
site in the North-Eastern Area and develop it for new industries. 
Mr. A. K. McCosh became President of the British Iron and Steel 
Federation, while Mr. I. F. L. Elliot took up the position of Com- 
mercial Director of the British lron and Steel Corporation. Mr. 
H. B. Jacks was re-elected President of the British Steelwork 
Association (now the British Structural Steelwork Association). 
The Rt. Hon. the Earl of Dudley, M.C., was made President of the 
British Cast Iron Research Association and was also elected Chairman 
of the General Purposes Committee of the Birmingham Chamber of 
Commerce. Mr. L. Chapman was re-elected President of the 
Crucible Steel Makers’ Association, while Mr. C. K. Everitt was 
elected Vice-President of this body. Mr. I. G. Slater was appointed 
Senior Scientific Officer in the Admiralty Scientific Pool, and Mr. 
F. S. Russell was made Director of the Refractories Industries 
Compensation Fund, Ltd. 


MEETINGS. 


The Annual Meeting of the Institute was held on Thursday and 
Friday, May 7 and 8, 1936; Sir Harold Carpenter, F.R.S. (President) 
was in the Chair. 

The Annual Dinner took place at the Connaught Rooms on the 
evening of Thursday, May 7, 1936. 

The Autumn Meeting was held in Diisseldorf, Germany, during 
the week commencing Monday, September 21, 1936, by invitation of 
the Verein deutscher Eisenhiittenleute acting on behalf of the 
German Iron and Steel Industries. Two sessions for the discussion 
of papers were held on the mornings of September 21 and 22 in the 
Stadtische Tonhalle, the session on the second morning constituting 
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a Joint Meeting of the Institute with the Verein deutscher Eisen- 
hiittenleute. The afternoons of these days and the entire days of 
Wednesday, Thursday and Friday were devoted to visits to a large 
number of steelworks, which were kindly thrown open to inspection 
by the visitors; at the same time, a special programme of excursions 
had been arranged for the entertainment of the Ladies. On the 
evening of Monday, September 21, the Members and their Ladies 
were entertained at a Reception and Banquet at the Tonhalle by 
invitation of the German Iron and Steel Industries, while on Tuesday 
evening they were invited to take part in an informal reunion 
including supper and cabaret at the Kaskade. On Wednesday 
evening, the return journey from the excursions was made by a 
Rhine steamer. On Friday evening the Members and their Ladies 
were entertained at the Villa Hiigel, by the kind invitation of Herr 
Dr. and Frau Krupp von Bohlen und Halbach. On Saturday, 
September 26, the visitors made a whole-day excursion on the Rhine 
by invitation of their German hosts. 

The main party returned to London on Sunday, September 27, 
but two extension tours had been arranged, one to Saarbriicken and 
the other to Siegen; on both these extensions the visitors were most 
cordially entertained by their hosts. 

The Council wish to take this opportunity of again expressing 
their sincere thanks to the Verein deutscher Eisenhiittenleute and 
the German Iron and Steel Industries, to the President, Honorary 
Secretary and Members of the Reception and Organising Com- 
mittees, to the Oberbiirgermeister and Councillors of the City of 
Diisseldorf, to the staffs of the Verein deutscher Eisenhiittenleute 
and of the Commerz und Privatbank A.-G., Diisseldorf, and to many 
others who, in various ways, contributed to the welfare, comfort and 
enjoyment of the visitors. 

In order to give further opportunities for the discussion of papers, 
Additional Meetings were held in London on Thursday and Friday, 
October 29 and 30. These took place, by kind permission, in the 
Lecture Theatre of the Institution of Civil Engineers. The Friday 
afternoon Meeting was arranged as a Joint Meeting of the Institute 
with the Institute of British Foundrymen. 


RELATIONS WITH OTHER SOCIETIES AND TECHNICAL INSTITUTES. 


Two of the Sessions at the Autumn Meeting were arranged as 
Joint Meetings with other societies. On the morning of Tuesday, 
September 22, 1936, the Verein deutscher Eisenhiittenleute joined 
with the Institute in the discussion of papers by Professor O. Féppl 
on “‘ The Practical Importance of the Damping Capacity of Metals, 
especially Steels,” by Dr. T. Swinden and Mr. G. R. Bolsover on 
“ Controlled Grain Size in Steel,” by Mr. A. Néll on “ Present-Day 
Problems in the Rolling Mill Industry,” and by Messrs. G. A. V. 
Russell and 8. 8. Smith on “ The Roll Problem in Backed-up Mills 
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for Cold Reduction.” Dr. Springorum, President of the German 
Society, took the Chair. 

The Institute of British Foundrymen was invited to join in the 
session on Friday afternoon, October 30, 1936, for the discussion of 
the ‘‘ Second Report of the Steel Castings Research Committee ”’ ; 
Mr. Harry Winterton, President of the Institute of British Foundry- 
men, was in the Chair. 

Since the close of the year, the Electrodepositors’ Technical 
Society organised a meeting jointly with the Institute on Wednesday, 
January 13, 1937, for the discussion of papers on “ Electro-Tinning 
of Steel Strip,” by Messrs. D. J. Macnaughtan, W. H. Tait and 8. 
Baier, and on ‘“‘ Comparative Tests of Hot-Tinned and Electro- 
Tinned Steel Strip,” by Messrs. J. C. Prytherch and D. J. 
Macnaughtan. The meeting, which was held at British Industries 
House, Marble Arch, London, was presided over by Dr. C. H. 
Desch, F.R.S. 

The Institute was also associated with other Technical Institutes 
in a Symposium on “ Research in Relation to the Motor Vehicle,” 
organised by the Institution of Automobile Engineers on Tuesday, 
March 2, 1937; the meeting took place in the Hall of the Royal 
Geographical Society, Kensington Gore, London, and Sir William 
Larke, K.B.E., occupied the Chair. Papers on “Some Factors 
Affecting Design,” by Mr. C. G. Williams, “‘ Fuels and Lubricants,” 
by Dr. F. H. Garner, and “ Materials, with Special Reference to 
Steels,’ by Dr. T. Swinden, were presented for discussion. 

The Council have maintained and extended friendly relations 
with other Societies and Technical Institutes, and it is hoped that the 
measures which have been introduced may lead to the development of 
closer co-operation with a number of technical societies. 


Joint Committee on Materials and their Testing. 


The Institute has joined with eighteen other Institutions in 
forming a Joint Committee on Materials and their Testing. This 
Committee has been formed in order to supplement the activities 
of existing institutions by enabling meetings to be held under its 
auspices, at which papers of mutual interest can be presented, and 
also with the object of enabling papers presented to one Institute 
to be made available through the Committee to others interested. 
Membership of the Joint Committee is confined to Scientific Societies 
and Technical Institutes; no individual membership is admitted. 
The Joint Committee should be a valuable means of increasing the 
activities and usefulness of existing Institutions and has the strong 
support of the Council. 


Co-operation with the Institute of Metals. 


The negotiations with the Institute of Metals to which reference 
was made a year ago have been concluded, with the result that, as 
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from January 1, 1937, joint membership of both Institutes can be 
obtained on payment of a joint subscription at the reduced rate of 
£5 5s. Od., and on payment of a single entrance fee of £2 2s. Od., 
present Members of either Institute being entitled to join the other 
before December 31, 1937, without payment of an additional 
entrance fee. 

Student Members and Members of the Institute of Metals will be 
accepted as Associates of the Iron and Steel Institute up to the age of 
30, and Associates and Members of the [ron and Steel Institute will 
be accepted as Student Members of the Institute of Metals up to the 
age of 26. The subscription of Associates and Student Members is 
£1 1s. to each Institute, without entrance or transfer fee on taking 
up full membership. The Council are gratified that these negotia- 
tions, which were begun on their initiative, have been successful, and 
they hope that the co-operation which has in this way been started 
between the two Institutes will, in the course of time, be extended. 


Co-operation with Local Technical Societies. 


The Institute has continued its friendly co-operation with Local 
Technical Societies. During the autumn and winter months the 
following Joint Meetings were held with the Societies named : 


Thursday, October 1, 1986 : Midland Metallurgical Societies. 

Place and Time : Lecture Hall, James Watt Institute, Gt. Charles 
Street, Birmingham, at 7 P.M. 

Chairman ; Dr. M, Cook, Chairman of the Committee of the Midland 
Metallurgical Societies. 

Paper: ‘‘Some Considerations Influencing Plant Facilities for 
Strip-Sheet Production under British Conditions,’ by Mr. 
G. A. V. Russell. 


Saturday, November 14, 1936: Newport and District Metallurgical 
Society. 

Place and Time: Technical College, Newport, Monmouthshire, at 
6.30 P.M. 

Chairman: Mr. G. H. Latham, President of the Newport and 
District Metallurgical Society. 

Paper: ‘‘Some Considerations Influencing Plant Facilities for 
Strip-Sheet Production under British Conditions,’ by Mr. 
G. A. V. Russell, 


Monday, November 16, 1936: The Sheffield Society of Engineers and 
Metallurgists and the Sheffield Metallurgical Association. 

Place and Time: Mappin Hall, The University, Applied Science 
Department, Sheffield, at 3 p.m. (first session) and 7.30 P.M. 
(second session). 

Chairmen: Professor J. H. Andrew, President of the Sheffield 
Metallurgical Association (first session) and Mr. A. J. Grant, 
President of the Sheffield Society of Engineers and Metallurgists 
(second session), 

Reports and Papers : 

**Second Report of the Steel Castings Research Committee,” 
by a Joint Committee of the Iron and Steel Institute and 
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the British Iron and Steel Federation to the Iron and Steel 
Industrial Research Council. (Sections II. and III., by 
Dr. R. H. Greaves, and by Professor J. H. Andrew, Mr. R. T. 
Percival and Mr. G. T. C. Bottomley, respectively.) 

‘** The Practical Importance of the Damping Capacity of Metals, 
especially Steels,’ by Professor O. Foppl. Presented by 
Professor F. Bacon. 

‘Controlled Grain Size in Steel,’? by Dr. T. Swinden and Mr. 
G. R. Bolsover. 

“‘ First Report of the Alloy Steels Research Committee,”’ by a 
Joint Committee of the Iron and Steel Institute and the British 
Iron and Steel Federation to the Iron and Steel Industrial 
Research Council. (Sections X. and XI., by Mr. G. Wesley 
Austin, and by Mr. A. Preece, Mr. G. T. Richardson and 
Professor W. J. Cobb, respectively.) 


Tuesday, November 24, 1936: Lincolnshire Iron and Steel Institute. 


Place and Time: Cole Street School Rooms, Scunthorpe, at 
7.30 P.M. 

Chairman: Mr. W. B. Baxter, President of the Lincolnshire Iron 
and Steel Institute. 

Paper: ‘Investigations into the influence of Coke Quality on 
Blast-Furnace Operations,’ by Messrs. W. J. Brooke, H. R. B. 
Walshaw and A. W. Lee. 


Monday, January 11, 1937: Cleveland Institution of Engineers. 
Place and Time: Cleveland Scientific and Technical Institute, 
Corporation Road, Middlesbrough, at 7.30 P.M. 
Chairman: Mr. A. Hutchinson, President-Elect of the Iron and 
Steel Institute. 
Paper: ‘‘ The Constitution cf Blast-Furnace Slags in Relation to 
the Manufacture of Pig Iron,”’ by Mr. T. P. Colclough. 


Tuesday, January 19, 1937: Staffordshire Iron and Steel Institute. 
Place and Time : Imperial Hotel, Birmingham, at 7 P.M. 
Chairman : Mr. T. G. Bamford, President of the Staffordshire Iron 
and Steel Institute. 
Paper : ‘‘ Controlled Grain Size in Steel,’’ by Dr. T. Swinden and Mr, 
G. R. Bolsover. 


Wednesday, January 20, 1937: Manchester Metallurgical Society. 


Place and Time ; Constitutional Club, St. Ann Street, Manchester, 
at 7 P.M. 

Chairman : Professor F, C. Thompson. 

Paper: ‘ Controlled Grain Size in Steel,’’ by Dr. T. Swinden and 
Mr. G. R. Bolsover. 


Tuesday, January 26, 1987: Lincolnshire Iron and Steel Institute. 


Place and Time: Cole Street School Rooms, Scunthorpe, at 
7.30 P.M, 

Chairman: Mr. W. B. Baxter, President of the Lincolnshire Iron 
and Steel Institute. 

Paper: ‘‘ The Constitution of Blast-Furnace Slags in Relation to 
the Manufacture of Pig Iron,”’ by Mr. T. P. Colclough. 
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Friday, February 5, 1987: Swansea, Additional Meeting in conjunction 
with local Technical Societies. 
Place and Time : Metal Exchange, Swansea, at 6.30 P.M. 
Chairman : Principal C. A. Edwards, F.R.S. 
Papers : 
** Methods of Detinning Tinplate for Examination of the Thick- 
ness and Continuity of the Alloy Layer,’’ by Messrs. A. W. 
Hothersall and W. N. Bradshaw. 
** A Study of the Origin of Porosity in the Tin Coating of Tin- 
plate,’’ by Messrs. A. W. Hothersall and J. C. Prytherch. 


The Meetings were very well attended and the interest shown in 
the papers was extremely gratifying. The Council wish to record 
their appreciation to the Presidents, Councils and Secretaries of the 
Local Societies, as well as to the authors of papers, for their con- 
tributions to the success of the Meetings. 


Co-operation with Foreign Technical Societies. 


The friendly relationships announced in the last Report of 
Council have been maintained with the American Institute of 
Mining and Metallurgical Engineers, |’Association des Ingenieurs 
Sortis de l’Ecole de Liége and Jernkontoret. 

In accordance with these arrangements, Associates of the Iron 
and Steel Institute, if under the age of 33, are entitled to become 
Foreign Student Members of the American Institute of Mining and 
Metallurgical Engineers at specially reduced terms, whilst Members 
are also entitled to obtain Jernkontorets Annaler at specially reduced 
prices. The Council propose to continue their negotiations for 
concluding arrangements with other leading foreign institutions. 


PAPERS AND SPECIAL REPORTS. 


The following twenty-eight papers, five Special Reports and two 
Supplementary Reports were published during the year : 


Special Report No. 11.—‘‘ Work of the Corrosion Committee,’ by Dr. 
W. H. Hatfield, F.R.S. 

Special Report No. 12.—‘*‘ Work of the Heterogeneity of Steel Ingots 
Committee,’’ by Dr. W. H. Hatfield, F.R.S. 

Special Report No. 13.—‘‘ Fourth Report of the Corrosion Committee.”’ 

Special Report No. 14.—‘‘ First Report of the Alloy Steels Research 


Committee.” 

Special Report No. 15.—‘‘ Second Report of the Steel Castings Research 
Committee.”’ 

Special Report No. 94.—‘‘ Discussion, Correspondence and Committee’s 


999 


Reply on ‘ Sixth Report on the Heterogeneity of Steel Ingots. 

Special Report No. 10a.—‘‘ Discussion, Correspondence and Reply on 
‘ Waste-Heat Boilers in Open-Hearth Practice.’ ”’ 

ABRAM, H, H.—‘ The Influence of Vanadium on Nickel-Chromium and 
Nickel-Chromium-Molybdenum Steels.”’ 

BANNISTER, C, O.,and R. Riapy.—‘ The Influence of Light on the Electrode 
Potential and Corrosion Phenomena of Mild Steel.’ 


REPORT OF COUNCIL. 55 P 


BEcKER, M. L., and C, E, Puitiips.—“‘ Internal Stresses and their Effect 
on the Fatigue Resistance of Spring Steels.” 

BrEnEpicks, C,—“‘ Electrical Resistivity of Faraday Steels; Gas Analysis 
and New Phenomena on Remelting in Radiation Furnace.”’ 

Brooke, W. J., H. R. B. WAtsHaw, and A. W. Lrere.—“ Investigations 
into the Influence of Coke Quality on Blast-Furnace Operations.” 
Co.seEck, E. W., S. W. CRAVEN, and W. Murray.—‘‘ The Determination 

of Non-Metallic Inclusions in Steel and Iron.” 

CotcLoueu, T. P.—“‘ The Constitution of Blast-Furnace Slags in Relation 
to the Manufacture of Pig Iron.”’ 

Dosner, A. E., and S. SkraMovsKY.—‘ The Reduction of Iron Ores with 
Solid Carbon.” 

Epwarps, C, A., and OrHErRs.—‘‘ A Study of the Influence of Varying 
Degrees of Cold-Rolling and Annealing Temperatures on the Properties 
of Mild Steel Sheets.”” ‘‘ Part I.—The Influence of Cold-Rolling and 
Subsequent Annealing Temperatures on the Erichsen Values and 
Crystal Structure of Thin Mild Steel Sheets,’’ by C. A. Epwarps, 
F.R.S., D. L. Puimuires and W. H. E. Guiuick. “ Part II.—The 
Effects of Varying Degrees of Cold-Rolling and Annealing Tem- 
peratures on the Properties of Motor Car Body Sheets,’ by C. A. 
Epwarps, F.R.S., D. L. Puiurps and C. R. PIPE. 

Férrt, O.—‘‘ The Practical Importance of the Damping Capacity of 
Metals, especially Steels.”’ 

GENDERS, R., and R. Harrison.—‘‘ Tantalum-Iron Alloys and Tantalum 
Steels.”’ 

Goopricu, W. E.—‘‘ The Embrittlement of High-Tensile Alloy Steels at 
Elevated Temperatures.” 

Hankins, G. A., M. L. BeckEr, and H. R. Mitits.—‘‘ Further Experiments 
on the Effect of Surface Conditions on the Fatigue Resistance of 
Steels.” 

Hoar, T. P., and D. HavenHanp.—“ Factors Influencing the Rate of 
Attack of Mild Steels by Typical Weak Acid Media.” 

HoTHERSALL, A. W., and W. N. BrapsHaw.—‘ Methods of Detinning 
Tinplate for Examination of the Thickness and Continuity of the 
Alloy Layer.”’ 

HoTHERSALL, A. W., and J. C. PrytHercu.—‘ A Study of the Origin of 
Porosity in the Tin Coating of Tinplate.”’ 

Maurer, E., and W. Biscnor.—‘ The Distribution of Sulphur between 
Metal and Slag in the Basic and Acid Processes of Steel Manufacture.”’ 

N6étx, A.—‘‘ Present-Day Problems of the Rolling-Mill Industry.” 

Norsury, A. L., and E. Morcan.—“ The Effect of Non-Metallic Inclusions 
on the Graphite Size of Grey Cast Iron.” 

PorTEVIN, A. M., and R. Castro.—‘‘ The Morphology of Inclusions in 
Siderurgical Products. Part III.” 

RussELL, G, A. V.—‘‘ Some Considerations Influencing Plant Facilities for 
Strip-Sheet Production under British Conditions,”’ 

RussELL, G. A. V., and 8. S. Smrru.—‘‘ The Roll Problem in Backed-up 
Mills for Cold Reduction.”’ 

SPRINGORUM, Fritz,—‘ Technical Developments in German Iron and Steel 
Production during the last Fifteen Years.”’ 

SWINDEN, T., and G. R. Botsover.—‘‘ Controlled Grain Size in Steel.” 

TAPSELL, H. J., M. L. Becker and C, G. Conway.—*‘ The Behaviour of 
Five Cast Irons in Relation to Creep and Growth at Elevated Tem- 
peratures.”’ 

THANHEISER, G.—‘‘ The Determination of the Gases in Steel by the Hot 
Extraction Method.”’ 

bade. F.—‘ The Firing of Open-Hearth Furnaces in German Steel- 
works,”’ 

WuiTEtry, J. H.—‘‘ A Survey of the Iron-Carbon Diagram near Zero 
Carbon (below 1000° C.),”’ 
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Volume XXV. of the Carnegie Scholarship Memoirs was published 
in respect of 1936, and contained the following Reports : 


Esser, Hans.—‘‘ The Allotropy of Iron.’’ 

Francis, Epcar L.—‘ Studies of the Wire-Drawing Process, VIIT.—A 
Note on the Effect of the Speed of Drawing on the Influence of Ageing 
on the Tensile Properties of Certain Steel Wires.” 

Francis, Epcar L.—“ Studies of the Wire-Drawing Process. IX.—Does 
the Phenomenon Known as the ‘ Alkins Effect’ Occur in Certain 
Ferrous Alloys? ”’ 

Gi11, E. T., and R. Goopacre.—*‘ Some Aspects of the Fatigue Properties 
of Patented Steel Wires. III.—Note on the Effect of Low-Temperature 
Heat Treatment on Decarburised Wires.” 

GoopacrE, R.—‘‘ Some Aspects of the Fatigue Properties of Patented 
Steel Wires. IV.—A Study of the Endurance Properties at High 
Stresses.” 

Hoox, W.—‘‘ The Formation of Graphite in the Pyrolysis of Organic 


Compounds,”’ 
Mitty, H. A.—‘‘ The Thickness of Oxide Films on Iron.’’ 
MitscHE, R.—‘‘ Very Finely Divided Non-Metallic Inclusions, and the 


Action of Kindred and Foreign Nuclei.” 
Rurr, WotrramM.— The Running Quality of Liquid Malleable Iron and 


Steel.”’ 
SHapiro, Cart L.—‘‘ The Effect of Heat Treatment, Ageing, and Working 
upon the Condition of Carbon in Steel.” 


PUBLICATIONS. 


Two volumes of the Journal, a volume of Carnegie Scholarship 
Memoirs, five Special Reports—the latter consisting of the Work of 
the Corrosion Committee, the Work of the Heterogeneity of Steel 
Ingots Committee, the Fourth Report of the Corrosion Committee, 
the First Report of the Alloy Steels Research Committee, and the 
Second Report of the Steel Castings Research Committee—and two 
Supplementary Reports—Discussion, Correspondence and Com- 
mittee’s Reply on the Sixth Report on the Heterogeneity of Steel 
Ingots, and on Waste-Heat Boilers in Open-Hearth Practice— 
were published during the year. 

As stated in the last Report of Council, the monthly bulletin, 
originally published under the title “Iron, Steel and Industrial 
Fuel,” was enlarged, and is now issued under the title “ Bulletin of 
the Iron and Steel Institute.”’ The first copy of the enlarged pub- 
lication appeared in January 1936. The Bulletin was made avail- 
able to all Members on application without charge. A List of 
Members was also published during the year. 


ANDREW CARNEGIE RESEARCH SCHOLARSHIPS. 
Grants were made by the Council in 1936 to thé following 
candidates : 


P. T. Carter (Armstrong College, Newcastle-on-Tyne).—£50, for an 
investigation of the properties of graphite, 
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H, A, Mizrry (The University, Cambridge).—£100, in aid of a research on 
the thickness of thin oxide films on iron and the law of growth at 
ordinary temperatures. 

W. Hoox (Armstrong College, Newcastle-on-Tyne).—£50, to study the 
pyrolysis of organic compounds with a view to the determination of 
factors which favour graphite formation. (Second grant.) 

. T. RicHaRpDsON (The University, Leeds).—£50, in aid of a research on 
the influence of varying atmospheres on steels. (Second grant.) 

J. B. Vickers (The University, Sheffield).—£75, in aid of work on the 
determination of oxygen in steel. (Second grant.) 

. RAINE (The University, Sheffield),—£75, in aid of work on the determina- 
tion of oxygen in steel. (Third grant.) 

(The above researches are being carried out on behalf of Research 
Committees of the Institute and the Iron and Steel Industrial Research 
Council.) 

G. M. Dyson (Loughborough College).—£50, in aid of a research on the 
adsorption of gases by cast iron and steel and their diffusion throughout 
these materials. 

Hans Esser (Institut fiir Eisenhiittenkunde der Technischen Hochschule 
Aachen).—£100, in aid of a research on the true structure of metals. 

Eric W. Fett (Manchester University).—£50, in aid of a research on the 
breakdown of elastic behaviour in steel and its avoidance. 

ROOSEVELT GRIFFITHS (University College of Swansea),—£50, to study 
some fundamental aspects of the scaling of iron and steel. 

LEon GUILLET, jun., and Paut G. Bastren (Ecole Centrale des Arts et 
Manufactures de Paris).—£100, in aid of a research on the influence of 
some special elements on certain properties of cast irons. 

Bo O. W. L. LauneGren (Metallografiska Institutet, Stockholm).—£100, 
for a research on the microsclerometric investigation of grain boun- 
daries, 

Orto Retr (Eisenhiittenmannisches Institut der Technischen Hochschule 
Berlin).—£100, in aid of a research on the scaling of iron and metals. 

Witu1am 8. WALKER (College of Technology, Manchester).—£50, in aid of 
a research on quantitative thermal analysis. 

JAMES WHITE (Royal Technical College, Glasgow).—£100, in aid of a 
research on equilibria at high temperatures in systems containing 
ferric oxide. 

C. Boorn (The University, Sheffield),—£50, in aid of investigations on 
basic refractories with particular reference to their use in linings of 
induction furnaces, (Second grant.) 
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ANDREW CARNEGIE SILVER MEDAL FoR 1936. 


The Andrew Carnegie Silver Medal for the year 1936 was awarded 
to Privatdozent Dr.-Ing. Dr. mont. H. Esser for his paper on “ The 
Allotropy of Iron,” published in the Carnegie Scholarship Memoirs 
for 1936, volume XXV. 


WILLIAMS Prize FoR 1936. 


For the third year in succession, no award of the Williams Prize 
was made. The Council deplore the fact that, although the papers 
presented to the Institute during the year were of high merit, 
as regards both interest and importance, none of them qualified 
for the award of the Williams Prize. This prize was presented by 
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the late Mr. Illtyd Williams when he resigned his position as Honorary 
Treasurer of the Institute with the object of encouraging the writing 


of papers of technical and practical interest by younger members of 


the staffs of iron and steel works. He wished the prize to be awarded 
to the author of a paper of a practical character adjudged by the 
Council to be the best paper of that nature published by the 
Institute during the year, subject to the condition that the author 
of the paper shall be a British subject regularly employed in a 
British iron or steel works in a position not superior to that of 
Manager of any one technical department. 

The Council hope that with the encouragement of those in senior 
positions in the industry, papers of a practical nature and of sufficient 
merit to justify the award of this prize will be presented; they 
do not exclude the possibility of an award being made to more than 
one paper if a sufficiently high standard is reached. 


LIBRARY. 


The Council have endeavoured to maintain, and increase, the 
usefulness of the Library and the information services operated by 
the Library Department for the benefit of Members. During the 
year under review the Library has been brought up to date by the 
purchase of a number of important text books ; many works have also 
been presented, and the Council take this opportunity to extend 
thanks on behalf of the Members to the donors. 

Members have been kept informed of developments in iron and 
steel manufacture and ferrous metallurgy by means of the Bulletin 
of the Iron and Steel Institute, which contains abstracts of all the 
important technical literature. 

Arrangements have been completed for Russian and Swedish 
literature to be abstracted by experts in those countries. The 
majority of the articles abstracted in the Bulletin are filed in the 
Library and are available for loan. The original articles can be 
purchased for Members on request, and photographic copies can be 
supplied under certain conditions. 

In addition to the Institute’s Library, the valuable collection of 
scientific works included in the Science Library, South Kensington, 
is available for loan by kind permission of the Director of the Science 
Library. 

A list of the additions made to the Library is issued quarterly, 
and copies will be sent to Members on request. 

The work of the Information Department has included the pre- 
paration of a number of bibliographies, which can be supplied to 
Members at one shilling each on request. The follwing biblio- 
graphies are available : 


No.1. ‘“‘ Fluidity and Viscosity of Metals.’”’ (Covering the period from 
1902 to 1935.) 


ar 
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No. 2. ‘Certain Physical Constants of Iron and Steel. (Specific heat, 
heat of transformation, thermal conductivity and expansion, 
electrical resistance and conductivity.)”’ (Covering the period 
1930 to 1935.) 

No. 3. ‘‘ Design, Manufacture, Properties and Use of Ingot Moulds for 
Steel Ingots.” (Covering the period 1899 to 1935.) 


The following are in course of preparation : 


“The Effect of Arsenic on the Properties of Iron and Steel.” 
(Covering the period 1864 to 1936.) 

** The Effect of Tin on the Properties of Iron and Steel.”” (Covering 
the period 1901 to 1936.) 

‘““ The Manufacture and Properties of Steel Castings.’’ 


A number of translations have been prepared, and the following 
are available for consultation in the Library : 


No.1. ‘Investigations on the Metallurgy of the Acid Open-Hearth 
Process.” By P. Bardenheuer and G. Thanheiser. (Trans- 
lated from the German.) 

No. 2. ‘‘ Investigations Concerning the Cast Structure of Steel Ingots.” 
By P. Bardenheuer. (Translated from the German.) 

No. 3. ‘Sources of Error in Temperature Measurement by Thermo- 
couples.” By H. Euler and K. Guthmann,. (Translated from 
the German.) 

No. 4.‘ The Thermal Conductivity of Pure Iron and Commercial Steels.”’ 
By F. Bollenrath and W. Bungardt. (Translated from the 
German.) 

‘** The Influence of Added Elements on the Polymorphism of Iron 
as a Function of Their Position in the Periodic System.” By 
V. Svetchnikoff. (Translated from the Russian.) 

No. 6. ‘‘ Investigation of the Alloys of the Fe-C—Mo System.’’ By V. 

Svetchnikoff and N.S. Alferoff. (Translated from the Russian.) 

No.7. ‘* The Relationships between the Heat of Formation, the Structure 
and the Properties of Commercially Important Alloys.’’ By 
F. Kérber. (Translated from the German.) 


No. 5 


o 


IRoN AND STEEL INDUSTRIAL RESEARCH COUNCIL. 


The Institute has continued to participate in the work of the 
Iron and Steel Industrial Research Council, and has taken an 
increasingly active part in controlling the joint research activities of 
the industry and in encouraging co-operative research. 

The Council wish to express their satisfaction at the financial 
arrangements—details of which are shown in the Accounts—and to 
record their appreciation of the assistance which they have received 
from the Department of Scientific and Industrial Research, the 
British Iron and Steel Federation and the Iron and Steel Industrial 
Research Council. 


TECHNICAL COMMITTEES. 


The following Committees and Sub-Committees are Joint Com- 
mittees of the Institute and the Iron and Steel Industrial Research 
Council engaged on co-operative research : 
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Alloy Steels Research Committee ; Chairman, Dr. W. H. Hatfield, F.R.S. 
Established June, 1934. Meetings held during 1936, seven. 
Sub-Committee A, Thermal Treatment; Chairman, Mr. P. B. 
Henshaw. Established January, 1936. Meetings held during 
1936, seven. 
Corrosion Committee ; Chairman, Dr. W. H. Hatfield, F.R.S. Established 
July, 1928. Meetings held during 1936, eight. 
Laboratory Corrosion Research Sub-Committee; Chairman, Dr. 
U. R. Evans. Established June, 1930. Meetings held during 
1936, two. 
Protective Coatings Sub-Committee ; Chairman, Mr. T. M. Herbert. 
Established January, 1936. Meetings held during 1936, four. 


Heterogeneity of Steel Ingots Committee ; Chairman, Dr. W. H. Hatfield, 
F.R.S. Established May, 1924. Meetings held during 1936, six. 

Liquid Steel Temperature Sub-Committee; Chairman, Mr. E. W. 
Eleock. Established March, 1929. Meetings held during 
1936, two. 

Ingot Moulds Sub-Committee (joint with the Open-Hearth Com- 
mittee of the Iron and Steel Industrial Research Council) ; 
Chairman, Mr. R. H. Myers. Established November, 1934. 
Meetings held during 1936, two. 

Oxygen Sub-Committee; Chairman, Dr. T. Swinden. Established 
January, 1936. Meetings held during 1936, seven. 


Steel Castings Research Committee; Chairman, Mr. W. J. Dawson. 
Established November, 1934. Meetings held during 1936, six. 


Moulding Materials Sub-Committee; Chairman, Mr. W. J. Rees. 
Established March, 1936. Meetings held during 1936, three. 


The Alloy Steels Research Committee, which was formed in 
June 1934, has drawn up and put into operation an extensive pro- 
gramme of research; the First Report of the Committee was 
presented at the Autumn Meeting. The researches being carried out 
by the Corrosion, Heterogeneity of Steel Ingots and Steel Castings 
Research Committees have continued, and the following Reports 
were presented at the Autumn Meeting of the Institute : 


Fourth Report of the Corrosion Committee. 
First Report of the Alloy Steels Research Committee. 
Second Report of the Steel Castings Research Committee. 


The Protective Coatings Sub-Committee of the Corrosion Com- 
mittee, the Moulding Materials Sub-Committee of the Steel Castings 
Research Committee, Sub-Committee A, Thermal Treatment, of the 
Alloy Steels Research Committee, and the Oxygen Sub-Committee 
of the Heterogeneity of Steel Ingots Committee which were formed 
early in the year, have all put in hand active programmes of 
research. The work of the remaining Sub-Committees, which had 
been begun in former years, was continued; reports of the Sub- 
Committees are included in the Reports issued by the Main Com- 
mittees. 

The Council wish again to express their thanks to the Department 
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of Scientific and Industrial Research, the British Iron and Steel 
Federation and the British Iron and Steel Industrial Research 
Council for the support given to these Research Committees, as well 
as to the Lords of the Admiralty, the British Structural Steelwork 
Association, Lloyd’s Register of Shipping, and numerous companies 
and individuals who have contributed either financially or by other 
means to the work of the Corrosion Committee. They also wish to 
express their appreciation to a number of associations and companies 
for grants made to the Alloy Steels Research Committee, the Liquid 
Steel Temperature Sub-Committee and the Steel Castings Research 
Committee, without whose assistance progress could not have been 
made on the researches on which they are engaged. 


THE WoORSHIPFUL COMPANY OF BLACKSMITHS. 


In accordance with the understanding with the Wardens of the 
Worshipful Company of Blacksmiths, applications for nomination 
for admission to the Company were considered, and Mr. Guy 
Barrett, of Market Harborough, and Mr. J. F. Kayser, of Harrow, 
were recommended by the Council for admission to the Company. 


APPOINTMENT OF REPRESENTATIVES. 


The following is a list of the Institute’s representatives on various 
governing bodies and committees for the year 1936; it has been 
brought up to date to April 1, 1937: 


ASSOCIATION OF SCIENTIFIC AND ‘TECHNICAL INSTITUTIONS, 
Council : Sir Robert Hadfield, Bt., F.R.S. 
British Association, Fuel Economy Committee: Sir Robert 
Hadfield, Bt., F.R.S. 
British Cast IRoN RESEARCH ASSOCIATION: Professor T. 
Turner. 
British CORPORATION REGISTER OF SHIPPING AND AIRCRAFT, 
Committee of Management and Technical Committee : 
Dr. A. McCance. 
British ELEectricAL AND ALLIED INDUSTRIES RESEARCH 
AssocraTion, Sub-Committee J/E, Joint Committee, Steels 
for High Temperatures: Dr. W. H. Hatfield, F.R.S., Dr. T. 
Swinden. 
British REFRACTORIES RESEARCH ASSOCIATION, Council : 
Sir Robert Hadfield, Bt., F.R.S., Mr. F. W. Harbord, C.B.E. 
BriTIsH STANDARDS INSTITUTION, 
Chemical Engineering Divisional Council: Mr. E. F. Law. 
Mngineering Divisional Council E/-: Dr. W. H. Hatfield, 
F.R.S., Dr. T. Swinden, Mr. T. W. Hand. 
Solid Fuel Industry Committee: Mr. A. F. Webber. 
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Standardisation of Coal Burning Appliances: Mr. A. F. 
Webber. 
Sub-Committee M/33/7, Protective Glasses for Welders and 
Industrial Purposes: Dr. C. H. Desch, F.R.S. 
Technical Committee B/16, Breeze and Clinker Slabs: Mr. 
F. W. Harbord, C.B.E. 
Technical Committee EL/28, Fans: Mr. A. F. Webber. 
Iron and Steel Industry Committee IS/-: Dr. T. Swinden. 
Technical Committee IS/1, Co-ordination of Iron and Steel 
Specifications : Dr. T. Swinden. 
Technical Committee IS/6, Steel Castings: Dr. R. H. 
Greaves. 
Technical Committee IS/8, Creep Properties: Dr. W. H. 
Hatfield, F.R.S. 
Technical Committee ME/22, Marking and Colouring of Foun- 
drymen’s Patterns: Mr. F. W. Lewis. 
Technical Committee ME/23, Brinell Hardness Testing: Dr. 
W. H. Hatfield, F.R.S. 
Technical Committee ME/25, Testing of Thin Metal Sheet and 
Strip: Dr. T. Swinden. 
Technical Committee ME/32, Engineering Symbols and 
Abbreviations : Dr. T. Swinden. 
Technical Committee ME/35, Cast Iron: Mr. H. B. Toy. 
Public Works Industry Committee PW/-: Mr. J. Henderson. 
Technical Committee PW/34, Portland Blast-Furnace Cement : 
Mr. F. W. Harbord, C.B.E. 
Technical Committee SF/1, Nomenclature and Definitions : 
Mr. A. F. Webber. 
Technical Committee SF/2, Underfeed Screw Type Stokers : 
Mr. A. F. Webber. 
Technical Committee SF/4, Furnaces, Ovens and Kilns: 
Mr. A. F. Webber. 
City AND GUILDS oF LONDON INSTITUTE, 
Advisory Committee on Metallurgy: Mr. E. C. Greig. 
Examiner in Iron and Steel Manufacture: Professor W. H. 
Merrett. 
CoNSTANTINE COLLEGE, Advisory Committee: Mr. E. W. 
Jackson. 
DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Grey 
and Malleable Cast Iron Research Committee: Professor 
T. Turner. 
EMPIRE CoUNCIL OF MINING AND METALLURGICAL INSTITUTIONS : 
Mr. F. W. Harbord, C.B.E., Mr. K. Headlam-Morley. 
Hone Kona University, Home Committee:* Sir Robert 
Hadfield, Bt., F.R.S. 
IMPERIAL INSTITUTE, Mineral Resources Department, Iron and 
Ferro-Alloy Metals Committee : Mr. K. Headlam-Morley. 
INSTITUTE OF FUEL, Council: Mr. F. W. Harbord, C.B.E. 
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InsTITUTE OF WeLpING, Ltp., Council: Mr. K. Headlam- 
Morley. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Board of 
Governors: Mr. B. Talbot. 

IRON AND STEEL INDUSTRIAL RESEARCH CouNcIL: Mr. F. W. 
Harbord, C.B.E., Dr. W. H. Hatfield, F.R.S., Mr. K. Head- 
lam-Morley. 

LiverPooL University, Court of Governors: Sir W. Peter 
Rylands. 

Luoyp’s REGISTER OF SHIPPING, Technical Committee: Mr. 
John Craig, C.B.E., Mr. J. S. Hollings. 

MECHANISATION Boarp (Late Mechanical Warfare Board) 
(Army Council) : Mr. F. W. Harbord, C.B.E. 

METALLIFEROUS MINING AND QUARRYING INDUSTRIES, Advisory 
Committee : Professor H. Louis, M.A., D.Sc. 

MINISTRY OF AGRICULTURE AND FISHERIES, Permanent Com- 
mittee on Basic Slag: Mr. James Henderson, Mr. B. Talbot. 

NATIONAL PHysicaL LABORATORY, 

General Board: Dr. A. McCance, Dr. T. Swinden. 
Alloys of Iron Research Committee: Mr. F. W. Harbord, 
C.B.E. 

Ramsay MeEmoriAL Laporatory, Advisory Committee: Mr. 
F. W. Harbord, C.B.E. 

Roya ScHoou or Mrings, Advisory Board: Mr. F. W. Harbord, 
C.B.E. 

Roya Socrety, General Board for Administering Government 
Grants for Scientific Investigations : The President. 

ScHooL oF METALLIFEROUS MintnG (CoRNWALL), Board of 
Governors: Professor H. Louis, M.A., D.Sc. 

ScieNcE Musreum, Advisory Council: Sir Harold Carpenter, 
F.R.S. 

SHEFFIELD UNIvErRsITy, Court of Governors : Sir Robert Hadfield, 
Bt., F.R.S. 


[The Statement of Accounts for 1936 will be found in the follow- 
ing pages. ] 
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THE IRON AND 
BALANCE SHEET, 





LIABILITIES. 


£ s. @. £ 8s. d 
Sundry Creditors :— 
Office Rent . ey den Pe ash 204 19 3 
Telephone Calis ie as 5 ie 917 6 
Printing and Stationery ... co ahs 916 0 
Bulletin oie ie er 4612 1 
Corrosion Committee uo Ff 
Steel Castings Committee ... 43 9 
Liquid Steel Temp. Sub- Committee 20 0 0 
Welding Symposium ne 12 5 0 
Autumn Meeting . ave 30 7 5 
Carnegie Research F fund reLS.I.R.C. ... 250 0 0 
—__—_——_ 699 1 2 
Subscriptions in Advance :— 
Home Members Lae sat ao ies 89 15 6 
Overseas Members ... abe bat oon 94 5 3 
Associate Members ... a ~~ — 3138 6 
_ 187 14 3 
Journal Sales :— 
Amount in Advance, 1937... ot a“ 185 5 11 
Received on Account, No. IT., 1936 17 6 4 
—_—_—_————— 202 12 3 
Suspense Accounts as at 1st January, 1936 :-— 
£ 2 a 
Reserve for 10-year Index... 50 0 0 
Add Further transfer, 1936 50 0 0 
— 100 0 0 
Entrance Fees 201 5 O 
Add Further transfer, 1936 697 4 0 
—__—_—_-- 898 9 0 
Autumn Meeting—Amount set aside to 
meet Liabilities arising thereirom ... 1,250 0 0 
——__ 2,248 9 0 


Life Composition Fund :— 
As at Ist January, 1936... as on. ae 
Add Compounded during Year é 


Iron and Steel Institute :— 
Capital and Reserve Account :— 
Capital as per last Balance Sheet 
Reserve Account :- 
Accumulated Excess of Income over 
Expenditure :— £ s. d. 
As at lst January, 1936 929 8 2 
Add Special Subscrip- 
tions held in Suspense 
as at Ist January, 
1936 ... .. 1,000 0 0 
Add Amount. trans- 
ferred Autumn Meet- 
ing, 1936 262 11 11 
Add Assoc. of Scientific 
and Technical Insti- 


tutions . 177 8 3 
Add Excess of Income 
over Expenditure for 
the year to date ... 223 12 11 
— 2,598 1 8 





vv 
Sieh baieiad 26,466 13 7 


$8 14 11 
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STEEL INSTITUTE. 
3lst DECEMBER, 1936. 








ASSETS. 
£ & £ e <& 
Sundry Debtors :— 
Subscriptions in Arrear_... ce a Not valued. 
Journal Sales noe aa 328 6 9 
Do. 10-year Index. 13 4 
Amount due from ore Research Fund 117 19 8 
Telephone Deposit .. 100 
Annual Meeting... BN Sek ae 710 0 
Autumn Meeting ... ie at ion 410 0 
I.A.T.M. Loan Account... ag bes 100 15 2 
Corrosion Committee ve i tee 913 8 
Do. cemneeneuman Office 11515 2 
Advance Copies : ene 202 17 10 
Alloy Steels Research Committee aa 50 0 0 
——— 939 1 7 
Payments in Advance :— 
Journal Printing... = i 18 19 6 
Translations and _— iews . sae sug 97 16 10 
Insurance ... ‘. ‘ie na sn oo. 2 
Library Books . iia — 1615 0 
Staff Superannuation Fund ee acd 187 17 3 
Sundries abe <e ies 1116 2 
————_—_ 338 6 2 
Stock of Journals % a = Not valued. 
Office Furniture and Library. a iia Not valued. 
Investments at cost per Schedule :— 
General Fund S 23,873 12 4 


(The Market value ‘of these Investments 
at 31st December, 1936, was £28,512 


6s. 10d.) 
Cash at Bank and in Hand :— 
Current Account... ae -» 1,686 18 5 
Secretary’s Account aa is al 4110 9 
Deposit Account . «- 1,350 0 0 
Do. Post Office Account... 77616 5 
Deposit—Banque de besiuod a = 56 5 0 
Cash at Office . one 910 3 
———-_ 3, 870 0 10 
Research Committees :— 
Grants due .. 2,250 O 
Excess of Expenditure over Income for 
Year o 301 16 
2,551 16 4 
Less Contributions collected :— ‘ 
S.. fi 
Corrosion Committee... 150 0 O 
Steel Castings Committee 352 12 O 
Alloy Steels Committee... 1,315 15 0 
Liquid Steel Temperature 
Sub-Committee <6 50 0 O 
1,868 7 0 
——_—_——— 683 9 4 
Life Composition Fund :— 
Investments at cost per Schedule 3,081 15 2 
(The Market value of these Securities 
at 31st December, 1936, was £3,337 
3s. 10d.) 
Cash at Bank Par os ae wa 62 9 
—_-— 3,144 4 8 





£32,848 14 11 


1937—i F 
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INCOME AND EXPENDITURE ACCOUNT 











INCOME. 
.. 2 &, £ 8s. d. £ a. d. 
To Entrance Fees ce i. eae 0 
Do. Companies’ ei 
nations ... 449 8 0 
— 697 4 0 
Less Transferred to Reserve Account 697 4 0 
Annual Subscriptions :— 
Members, Home—Current _.... aoe §B3881 13 6 
Do. Companies’ 
Nominations 567 0 0 
Arrears os oe 172 4 0 
——_ 4,060 17 6 
Members, Overseas—Current . 1,547 15 0 
Do. Companies’ 
—e 89 5 0 
Arrears ... os 93 18 6 
————-_ 1,730 18 6 
sa ccna a o 74 810 
Do. Companies’ Nomina- 
tions ... os 39 7 6 
———— 113 16 4 
», Sales of ae aged — 
Journals, &c. .. ses me os 238-8 2 
Bulletin ... cas Kee sas see 35 13 6 
——_ 1,390 2 3 
»» Interest on Investments ioe sass — 
General Fund ... ; ib 907 0 1 
Life Composition Fund ‘oe ‘a 10111 3 
Bessemer Medal Fund . ase wee 12 6 O 
‘ ——_ 1,020 17 4 
», Interest on Deposit ne am 14 2 8 
», Sundry Receipts . ese 9 411 
», Income Tax Raccmed, 1935-1936 :— 
General Fund ... cae 113 8 6 
Life Composition Fund — bee whe 15 0 2 
Bessemer Medal Fund . ies on 312 0 
— 132 0 8 
» Association of Scientific and Technical 
Institutions :— 
Amount received on winding up i 177 8 8 
Less Transferred to Reserve Account 7 8 8 
», Autumn Meeting :— 
Excess of Income over Expenditure 
after providing £1,250 for —— 
arising therefrom _... 262 11 11 
Less Transferred to Reserve Account — 262 11 11 
»: LOZ. 3 
Grant for r Bulletin nae ese 750 0 0 
Grant for Secretarial Services .. oo. 200 6-0 
Grant for Information Service _ kee 500 0 0 
Grant by Carnegie Research Fund ... 500 0 0 
2,750 0 0 
Less Amount to be repaid to Carne- 
gie Research Fund in respect of 
their contribution towards Ex- 
penditure ... on non eS 250 0 
— 2,500 0 0 
», Balance, being Excess of Expenditure 
over Income, carried down... see 1,883 13 1 
£12,855 13 3 
iS seseiensieentniaenmeneeteenanae 
To Special Subscriptions :— 
Contributions received during 1936 ... 3,306 0 0 
£3,306 0 0 





STATEMENT OF ACCOUNTS, 67 P 


FOR THE YEAR ENDED 3lst DECEMBER, 1936. 


EXPENDIT URE. 





a 
na 
tad 
os 
x 


By Salaries (including Pensions and Over- 


time) ~ ; 5 5,138 O 5 
» National Insurance 42 9 1 
», Staff Superannuation Fund Se Pe 25118 3 
» Office Rent, Cleaning, Decorating, &e. 1,009 5 5% 
» Library Books, ss me. ome 198 3 7 
» Office Furniture a ae 156 3 0 
», Annual Meeting ... Se an ‘es 158 4 6 
» Autumn Meeting ... ii poe wala ie 
» Publishing Expenses :— 
Journal :— 
Printing and Paper _... sue n- tee = 2 
Translations and Reviews eae ne 23 7 9 
Postage er a 2008-8 
havaues Copies—Printing ne ee 205 16 O 
Postage “se poh 2010 O 
Bulletin—Printing hia roe es 416 9 5 
ostage Bea sa se 66 3 10 
Bibliographies ... ce ins er 39 4 8 
List of Members... as a ne 9717 1 
———_——- 2,417 19 7 
» Stationery and Printing . “os ra 398 6 8 
», Postage and Receipt Stamps ne 203 15 7 
» Travelling and oe nt = nses- 184 10 3 
», Insurance ... 7 8 8 
», Auditor’s Fee ase “i 42 0 0 
», Telephone Rental and Calls ve ine 85 16 10 
» Bessemer Medal ... i 2017 6 
ae —, ee and Sundry Ex- 
‘ are 194 15 23 
- Commmumteinhe Allowance a son 10 0 0 
» Grants :— 
— Refractories Research Associa- 
tio 25 0 0 
British Standards Institution .. 50 0 0 
British Electrical and Allied Industries 
Research Association 50 0 O 
International Association for Testing 
Materials eee aS aes 100 0 0 
— 225 0 0 
os ISLES, 
Grant by 1 I. & S.I. re Research Com- 
mittees a eas aah 00 0 0 
» Welding Symposium, May 1935, and 
Proceedings :— 
~ _— as at Ist January, 
1,244 8 3 
Add , ae Expenditure during year 154 2 8 
‘1, 398 10 11 
Less Income during Year ‘ee os @8412 8 
5 -- 613 18 8 


By Balance brought down ins ies 1,883 13 1 
» Transfer :— 
10-year Index Reserve Account ee 50 0 O 
Entrance Fees ... ae 449 8 06 
Subscriptions Account :— 
Home Members... ... are vet 567 0 0 
Overseas Members pee = 89 5 O 
Associates 43 1 0 
» Balance, being Excess of Income over 
223 12 11 


Expenditure carried to Balance Sheet 
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PRESIDENTIAL ADDRESS. 
By ALFRED HUTCHINSON, M.A., B.Sc. 


I propose in this Address to give you some account of applica- 
tions of technical inventions and discoveries in the North-East Coast 
area. My own interest in the iron and steel trade dates from the 
time when, as a very small boy, I was taken as a great treat to the 
wrought iron malleable works called the Newport Rolling Mills, of 
Messrs. Fox, Head & Co., of which my father was Commercial 
Manager, a works producing some 300-400 tons per week of puddled 
iron. I wasshown the puddling furnaces, the balling of the puddled 
product, the hammering and the finishing of the rolling into plates. 
I was thrilled, and there was awakened in me a keen interest in 
all the operations in the manufacture of wrought iron. 

Later, a new phenomenon appeared in the district; every few 
moments the town became illuminated with brilliant lights to the 
north and east, making the long winter evenings at intervals as 
lightasday. The illuminations were caused by the after-blow of the 
basic Bessemer plants at Messrs. Bolckow, Vaughan & Co., Ltd., 
and the North-Eastern Steel Company’s works, and we became 
aware that a new industry had been started in the district which was 
destined ere long to replace entirely the manufacture of wrought iron 
by that of steel. 

When I entered the steel trade I became a Member of the Iron 
and Steel Institute, and have, I think, attended every Annual 
Meeting since. The papers and discussions thereon to which I have 
listened from time to time, together with visits to other works 
forming part of the autumn meetings in Great Britain and abroad, 
have acted as a constant stimulus to my deep interest in the technical 
advances in the manufacture of steel and iron awakened by my boy- 
hood’s visits. 

The first visit of the Iron and Steel Institute to the Middlesbrough 
district was in 1869, and the visitors must have seen a fully 
developed wrought iron and pig iron industry in active operation. 

Following the discovery of ironstone in the Eston Hills, 17 mines 
had been opened up and 167 blast-furnaces erected. The pig iron so 
produced formed the raw material for the foundry trade in the 
district and in Scotland, and for the wrought iron trade. 

The point of technical importance was that the liquid pig iron 
produced was allowed to cool on the pig beds, so losing its initial 
heat, and was sent as cold pig iron to foundries or forges, in which 
it had to be remelted to produce finished products, and the finishing 
operations of a large proportion of the pig iron output were conducted 
in other districts. 
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The Members of the Institute who, we hope, will visit us in the 
autumn of this year will find a very different state of affairs. The 
wrought iron trade has completely disappeared, being replaced by 
steelworks, in many of which the molten pig iron is converted into 
steel without the loss of its original heat and rolled into finished steel 
products on the spot, and in some cases there are attached to such 
steelworks finishing departments in which the essential parts of 
structural steel buildings are manufactured. Even the basic Besse- 
mer process has entirely disappeared. The plant in which basic 
Bessemer steel was first produced at Cleveland Works has recently 
been demolished to make room for a stockyard for ingots produced 
by the basic open-hearth process in a thoroughly up-to-date basic 
open-hearth plant. We may well ask what were the notable inven- 
tions and discoveries which led to the complete disappearance of the 
making of wrought iron in the district, the introduction of the manu- 
facture of steel by the basic Bessemer process and its ultimate aban- 
donment in the North-East Coast district. Discoveries and inven- 
tions in all branches of metallurgy and engineering have effected this 
great change. 

Broadly, it may be stated that three great inventions helped the 
production of steel : 


(1) The invention of the basic Bessemer converter with its 
basic lining ; 

(2) the invention of the Siemens-Martin open-hearth 
regenerative furnace, in which steel was made first by the acid 
open-hearth process; and 

(3) later by the basic open-hearth process. 


Certainly, with regard to the basic Bessemer process, it was in 
Cleveland that the pioneer work was carried to a successful issue. 
It was operated by Messrs. Bolckow, Vaughan & Co., Ltd., and the 
North-Eastern Steel Company for many years, and large outputs of 
rails, billets, and sheet bars were manufactured. It was also in 
Cleveland plants that progressive development of the basic open- 
hearth process was effected. In are-built plant at Clarence, in which 
pig iron specially selected from the numerous blast-furnaces in 
operation and desulphurised by the Saniter process was used, steel 
was produced in open-hearth furnaces (the first of small capacity— 
about 12 tons). This steel satisfied the tests required by engineers 
and was of more uniform quality than can be obtained by the basic 
Bessemer process. This made possible the large future development 
of open-hearth basic steel in Cleveland for sections and joists, and 
later also for plates after the prejudice in favour of acid open-hearth 
steel for plates had been overcome. . 

Sir Arthur Dorman at once determined to adopt this process 
generally and to manufacture basic open-hearth steel in furnaces 
originally working the acid open-hearth process at the Britannia 
Works. He there adopted the hot metal process, taking liquid pig 
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iron from Messrs. Samuelson’s blast-furnaces close at hand and there- 
by saving the cost of remelting cold pig iron. Henceforth the hot 
metal process became the rule in Cleveland for all basic furnaces. 

These developments affected the general pig iron trade of the 
district. For the successful making of acid open-hearth steel, 
hematite pig iron, low in sulphur and phosphorus, was required, and 
some 22 furnaces were changed from a native Cleveland ore burden 
to a Spanish hematite ore burden. Other furnaces to supply a truly 
basic pig iron suitable for the basic Bessemer process were turned 
on to the manufacture of pig iron made from a mixture of Cleveland 
and foreign ores and puddler’s tap, of which there was a plentiful 
supply from the waste heaps of the large malleable plants in the 
district. 

Further progress was made when Mr. Benjamin Talbot worked 
out the continuous making of steel by the basic open-hearth process 
in tilting furnaces of large capacity—175 tons in the early days, and 
later up to 250 tons—erecting at Cargo Fleet a completely new steel 
plant with rolling mills attached. 

The whole development of steelmaking was greatly helped by the 
invention of the by-product coke-oven. This revolutionised the 
manufacture of the coke supplied by the Durham collieries for use in 
the blast-furnaces. In the first place the chief advantage lay with the 
collieries where the spare gas was utilised to generate electric current 
for distribution over the county, but an important step forward was 
made when Messrs. Samuelson erected a battery of coke-ovens at 
Newport Works, the spare gas being used to supplement the town 
gas supply of Middlesbrough. Gradually from this beginning came 
the development of the complete combined coke-oven, blast-furnace 
and steelworks plants which are now the general practice of the 
district. The outlet of town supply was an important one and re- 
mains so to this day—the towns of Middlesbrough and Redcar taking 
a considerable proportion of the spare gas produced at the coke-oven 
batteries erected at the Newport, Cleveland and Redcar works of 
Messrs. Dorman, Long & Co., Ltd. 

The advantage of a coke-oven battery on the spot proved a great 
asset to the economical working of the steel plant. At least 50% 
of the gas produced at the battery was available for external use. 
The possibilities of the use of coke-oven gas of 500 B.Th.U. mixed 
with blast-furnace gas of 100 B.Th.U. in suitable proportions at 
once offered the opportunity of saving the whole or part of the coal 
used in the producers erected for making the producer gas by which 
the open-hearth furnaces were heated for many years. 

When the Skinningrove Steelworks were first erected, soaking 
pits designed to be heated by blast-furnace gas alone were put into 
operation ; the first bars to be rolled in the Skinningrove mill were 
from the first ingots in Great Britain heated by blast-furnace gas 
alone. After the war, at these works the steel furnaces were heated 
by a mixture of coke-oven and blast-furnace gas. A very simple 
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method of ensuring mixtures in the right proportions was invented, 
a full account of which has been given before this Institute. 

Along these lines progress has been continuous and most satis- 
factory, and, further, during the last 10 or 15 years the value of coke- 
oven batteries adjacent to steelworks has been enhanced by the 
introduction of the silica-brick coke-oven, which incidentally helped 
the brick-making plants of the district, increasing the demand for the 
high-quality silica bricks manufactured by them. 

An outstanding example of a thoroughly up-to-date combined 
plant has recently been completed at the Cleveland works of Messrs. 
Dorman, Long & Co., Ltd., where in reorganising their melting shops 
and mills they have erected two batteries of coke-ovens, a total of 
136 ovens, with a coke output of 13,000 tons per week, adjacent to 
the 13 blast-furnaces which are in operation at these works. The 
spare gas from the coke-ovens and the blast-furnaces is carried in 
separate tubes to every department of the works, with a very accur- 
ate but simple means of adjusting the proportions of blast-furnace 
and coke-oven gas required by any particular part of the plant. An 
interesting illustration is the use of straight coke-oven gas in the new 
open-hearth fixed furnaces on the North Plant, each producing some 
1200-1400 tons per week. 

The above inventions were mainly concerned with the metal- 
lurgical process involved in the making of the steel ingot. Many 
equally important inventions have been utilised in the production 
of the finished steel products. Examples are the invention of the 
Parsons turbine, the water-tube boiler, and on the electric side the 
great developments of electric power schemes based on the original 
discoveries of Michael Faraday, whose life’s work at the Royal 
Institution laid the foundation for the great electric developments of 
the present age and opened up great possibilities for the steelworks 
engineer. 

The invention of the gas engine greatly helped the steel trade. 
The first gas engine used in the district was by Messrs. Cochrane for 
blowing blast. This was followed by the installation of gas engines 
at the Cargo Fleet Works, made by Messrs. Richardson, Westgarth 
& Co., the well-known local engineers, and when the Skinningrove 
Steelworks were built gas engines were installed for the generation 
of electric power and, by a later addition, for the blowing of blast at 
the blast-furnaces. The use of blast-furnace gas in the gas engines 
was only rendered possible by the thorough cleaning of the gases, and 
led to great development in the methods employed for the cleaning 
process. After trials with the electrostatic method, the Halberg- 
Beth method and wet methods of cleaning by means of static washers 
followed by the Theisen washer, the general practice seerhed to be the 
adoption of the wet method. 

An interesting chapter in the technical history of the district is 
the gradual improvement of blowing the blast to the blast-furnaces. 
Beam engines were replaced by reciprocating steam engines fed 
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with steam generated, in the first place, in egg-ended boilers, then in 
improved Cornish and Lancashire boilers, and lastly in water-tube 
boilers; the trade followed very closely the great engineering im- 
provements effected over many years. Where new blowing plant 
is to be erected the preference seems to be tending to the installation 
of turbo-blowers of the Parsons type, driven by steam generated in 
water-tube boilers heated by a mixture of blast-furnace and coke- 
oven gas. A fine installation of such a blowing plant supplies the 
blast for 13 blast-furnaces grouped round the Cleveland steelworks. 

But it is not alone in the production of the main products of the 
steelworks—plates, sections and joists—that improvements have 
been made. Gradually, through a long series of years, methods of 
using up the other products of the blast-furnace and steelworks have 
been invented and carried to perfection; the temporary success of 
the basic Bessemer process in the district was dependent on the simul- 
taneous production of a basic slag rich in phosphates which com- 
mands high prices as a fertiliser, and, though the basic slag produced 
in the basic open-hearth process is not so valuable, it is still a useful 
by-product. 

The blast-furnace slag has also come into its own. At Skinnin- 
grove nearly 50 years ago it was converted by a hydrating process 
into hydraulic blast-furnace cement, which enabled the management 
there to get a firm foundation under sea-water for a jetty which 
ensured the success of the company as pig iron makers; and for many 
years they carried on the manufacture of slag wool made from slag 
spun into long crystals by a jet of steam, this being the basis of a very 
useful insulator for building purposes. 

The demand for suitable material for the making of roads all over 
the country was met by the manufacture of tarmacadam from 
crushed blast-furnace slag. This, together with the extensive use of 
such crushed slag for the ballasting of railway tracks all over the 
country, is resulting in the gradual disappearance of the unsightly 
slag heaps which so disfigure the district. This is a further example 
of the way in which the various by-products formed in the manu- 
facture of pig iron have gradually been brought into the service of 
mankind instead of being wasted as they were two generations 
ago. 
These few examples of applications of technical inventions in the 
Cleveland district must serve to illustrate how far such inventions 
have secured continuous advance in the various processes involved 
in the manufacture of ingots and the ultimate rolling of such ingots 
into finished products. 

Side by side with this general improvement, other industries in 
the district using steel and iron have made great progress. The foun- 
dries have expanded, the most modern and up-to-date plant being 
Messrs. Cochrane’s new pipe foundry, where Mr. Fox, greatly daring, 
erected on the site of the old blast-furnaces, now dismantled, a 
thoroughly up-to-date plant for making spun pipes, and thus 
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achieved the same success as he formerly did at his Stanton Works in 
the Midlands. 

Side by side with the great part played, by Sir Arthur Dorman 
should be mentioned the success which his structural steel department 
adjacent to the Britannia Works has achieved, thus turning into 
buildings and bridges a large proportion of the finished steel products 
manufactured in the steel plants controlled by his company; the 
Sydney Harbour Bridge is a monument to the genius of Mr. L. Ennis 
and his assistants. 

New uses for steel are continually being found which were little 
dreamt of two generations ago. Comparatively new departures for 
the Cleveland district are the erection of tube works, built near the 
old Stockton Malleable Works, and the latest scheme developed by 
the South Durham and Cargo Fleet Company for the installation 
of the most up-to-date and modern mills for the production of strip. 

Finally, may I remind Members of the Institute that it exists for 
the promotion of research. The great improvements which I have 
outlined are the direct result of research, to which many great minds 
in the past devoted their whole lives. Under the auspices of this 
Institute and the Research Department of the British Iron and Steel 
Federation, active research has been stimulated in every department 
of the trade. In such research the Cleveland district has played no 
unworthy part. It was Sir Isaac Lowthian Bell, who, at Clarence, 
carried out the great experiments on the principles of blast-furnace 
practice which remained the classic on the subject for over 50 years. 
Indeed, it is remarkable how little new work was done on this import- 
ant matter until comparatively recently, and when new work was 
started it was by Professor Bone, a native of Stockton, who had 
already made for himself a world-wide reputation by his researches 
on the explosion of gases, which he had carried out over a long period 
of years at the Imperial College of Science and Technology. Such 
researches require for their prosecution the highly-trained mind not 
only of the man who directs the research but of the large band of 
highly-qualified research students who work under him. Professor 
Bone, after publishing most important papers on the laboratory 
investigations and the reactions which go on in the blast-furnace, will 
shortly publish his accounts of field works experiments in the Lin- 
colnshire area, and these are being followed up by experiments to be 
conducted on the new blast-furnace recently blown in at Skinnin- 
grove. We cannot all be researchers in this highly technical work, 
but it is for the trade as a whole to ensure that by appropriate 
endowments such work is made possible for men who must devote 
their whole life’s work to carrying out such scientific work. 

It is not only academic research for which this Institute stands. 
Its desire is to encourage in every possible way enquiry into all pos- 
sible means of improving the processes of steel- and iron-making, and 
to this end it should prove helpful to those Members who are the 
practical managers of works in which steel and various other products 
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are produced. In a sense every workman who makes the smallest 
suggestion towards the improvement of the working operations of his 
plant is a worthy successor to the greater minds who invented the 
fundamental process on which the industry rests. The roller in the 
mill who suggests an improvement in the lengthening of his guides 
might result in the turning out of a more perfect section, the brick- 
layer who suggests some slight alteration in the gas ports of his 
furnace, or the man who invents some simple but very efficient form 
of port, is making his contribution to technical improvements and 
advances. 

I would conclude my Address with a personal reference to the 
memory of my father who, without previous experience in making 
pig iron, on taking charge of a small plant at Skinningrove turned 
his attention at once to improving its method of operation in every 
possible way. He improved the distribution of the materials in the 
furnace by altering the diameter of the bell, thereby reducing his 
coke consumption by 2 cwt. per ton of pig iron and getting increased 
makes; he adopted Cowper stoves in place of pipe stoves—a further 
reduction of 2 cwt.—and, to get out of the difficulties of excessive 
railway carriage, invented from blast-furnace slag the hydraulic 
cement referred to above and with it built a jetty which put him on to 
the open sea. 

When, later on, the ironstone accessible to the works without 
railway dues became contaminated with shale, which when smelted 
in the blast-furnace increased the coke and lime consumption and the 
consequent cost of the pig iron, he completed a mechanical process of 
cleaning the ironstone by the erection of belts at Skinningrove and 
later at Boulby. By this means he restored his costs to the normal 
and proved that it is cheaper to clean ironstone mechanically than to 
smelt shale in the blast-furnace. It may be remembered that he 
read an important paper on this subject at the last Middlesbrough 
Meeting in 1908. 

He thus inspired all his staff with the desire for progress and 
economy, and later, when building steelworks, encouraged the 
adoption of electric rolling ; during the war he supported the members 
of his staff—notably Mr. Ernest Bury, who invented his own methods 
for the manufacture of T.N.T. (trinitrotoluol), poison gas and potash 
from coke-oven and blast-furnace products, which were badly 
required in the time of national need. 

Cleveland has produced through two generations men whose 
names were great in research and invention—Sir Isaac Lowthian 
Bell, Mr. Windsor Richards, Sir Arthur Dorman, Mr. Benjamin 
Talbot, Dr. J. E. Stead. All played a great part in laying the 
foundation of the future prosperity of the district, and it is for those 
Members of the Institute who are left to carry on their work to see 
to it that in the future improvements and economies are effected in 
the industry which is so important to the nation, and, indeed, to the 


whole civilised world. 
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A PRACTICAL TRIAL OF ROOFING 
SHEETS OF COPPER STEELS AND 
OTHER MATERIALS, 


WITH THE RESULTS AS REGARDS THEIR 
CORROSION AFTER A PERIOD OF EXPOSURE 
OF 93 YEARS TO DATE.! 


By Str ROBERT HADFIELD, Barr., F.R.S., anp S. A. MAIN, M.Sc., B.Sc. 
(SHEFFIELD). 


SUMMARY. 


The paper gives a brief account of a series of practical trials of 
roofing sheets now in progress in Sheffield, with the results so far 
ascertained, 7.e., after 9} years’ exposure. 

The trials concern galvanised sheets, both painted and unpainted, 
of the following materials : (a) Copper-bearing steels of two different 
makes (0:22 and 0-35% of copper), and (b) ingot iron, these being 
compared with (c) ordinary unalloyed sheets as currently employed. 

Only the unpainted sheets have given useful information so far. 

Copper-bearing steel is proving definitely superior to ordinary 
steel, but its merits did not appear until the galvanised coating had 
weathered off. The ingot iron tried has proved definitely inferior to 
ordinary steel. 

The relative life periods of the different materials will only be 
ascertainable after further exposure. 

The four locations, of varying severity as regards corrosion, give 
consistent information. 

Steel containing both copper (0-42%) and molybdenum (0-10%) 
is included in a further series of trials not yet sufficiently advanced 
for report. 

The paper concludes with a commentary on the usefulness of 
practical trials of this nature, and the conditions necessary for their 
successful conduct. 


I.—DESCRIPTION OF THE TRIAL. 


THE present paper gives a brief account of a series of practical 
trials of roofing sheets of special steels, conducted at the East 
Hecla Works in Sheffield of the authors’ firm, Messrs. Hadfields, 
Ltd., with some general observations on the principles to be observed 
in trials of this nature to ensure their utility. 

At these works, with some 50 acres of buildings, mostly protected 
by steel roofing sheets, the average quantity of sheets required 
during the years 1920 to 1935 amounted to no less than 84 tons 
perannum. The maximum purchased in any one year was 145 tons. 

The steels concerned in these trials are two copper steels, of 

1 Received February 9, 1937. 
1937—i G 
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British and American origin, respectively, containing 0-35°%, and 
0-22% of copper, also a well-known brand of ingot iron. For 
purposes of comparison, sheets of the ordinary unalloyed type, 
representing those currently employed at these works for roofing 
purposes, were included. The compositions of these materials are 
given in Table I. 


TABLE Arcee ed the Materials. 


Si. %. | 5S. %. 





























Mark, Type. 4 0. %. %. Po. - %e| Ou. %. 
5551. | Copper-bearing steel— 

British . 0-05 | 0-06 | 0-027 | 0-041 | 0-52 | 0-35 
5553. | Copper-bearing steel— 

American : - | 0-13 | 0-02 | 0-034 | 0-062 | 0-55 0-22 
2239. | Ingot iron ; . | 0-03 | 0-03 | 0-016 | 0-005 | 0-02 |<0-01 
5554. | Ordinary roofing sheets | 0-07 A 0-03 | 0-022 | 0-051 | 0-33 0-022 | 

| 





Four separate roof sites, designated A to D, were chosen for 
these trials. These represent the varied conditions which exist 
over the respective buildings according to the nature of the operations 
conducted there : 

A.—Steel foundry, over core stoves and near a vent provided for the fumes 

in the foundry. 

B.—Open-hearth steel melting shop. 

C.—Steel foundry over drying stoves. 

D.—Annealing shop. 

The external atmosphere, while not subject to the same amount 
of precipitation or content of noxious gases as in some other parts 
of Sheffield, is of a distinctly sulphurous and sooty nature, the 
works being situated in the River Don Valley, from which the 
noxious gases do not so readily escape, between Sheffield and 
Rotherham. 

In all cases, but to varying degrees, the inner surfaces of the 
sheets were subject to heat and fumes. 

The sheets were all of the same nominal thickness, 18 S.W.G. 
(0-048-0-049 in.), and pitch of corrugation, and galvanised; the 
weight of zinc varied from 0-85 to 1-35 oz. per sq. ft. on each side. 

The actual thickness of each sheet was gauged before exposure, 
and the weight of the zinc coatings was estimated chemically. 

At each location A to D there were one sheet unpainted and one 
or more painted, of each material. The size of sheet varied between 
6 ft. x 2 ft. and 8 ft. x 2 ft. 6 in. The total number of sheets 
was 35. 

The painting was in accordance with the usual practice: Two 
coats of linseed-oil paint on the inside and one outside before fixing, 
and one coat on the outside after fixing. 

The sheets were placed in position, and the trial commenced on 
dates between 15th February and 15th March, 1927. 
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To date—December, 1936—the period of exposure is 9 years 
and 9 months, during which there have been 8 periodical inspections, 
averaging 14} months’ interval. In the later of these inspections 
visual observation has been supplemented by micrometer measure- 
ments taken on the edges of the sheets. 


II.—REsvtts. 


(a) Comparative Behaviour of the Various Materials. 


Painted Sheets —Although no further painting has been done, 
none of these sheets yet shows any sign of failure. 

Unpainted Sheets —It can now definitely be stated that the copper 
steels have proved distinctly superior and more lasting in this 
service than the ordinary steel. 

Two out of four sheets of the latter material are perforated near 
their bottom edges, and their edges are very thin though unbroken 
so far. The other two sheets are as yet intact, but are thinner at 
the edge than the corresponding sheets of the two copper steels. 

None of the copper-steel sheets is perforated, though at the 
more severe locations they are becoming thin at the extreme edges. 

The sheets of 0-22% copper steel have all wasted rather more 
than the corresponding sheets containing 0-35°/,, which are the best 
of the series. 

The sheets of ingot iron in three of the four locations are badly 
perforated. In two cases the edges are also wasted away. 

The thicknesses of the sheets at the edges after exposure are 
recorded in Table II. 


TABLE II.—Thickness of the Sheets at the Edges after Exposure. 








| Locations, 
Mark. Steel, a 
| A, In, | B. In. | C. In. | D. In, 
5551. | Copper-bearing — steel— | | 
British. , - | 0-049 | 0-053 | 0-044 | 0-040 
| 5553. | Copper-bearing — steel— | | 
American . ; . | 0-048 | 0-051 | 0-042 =| 0-031 | 
2239. | Ingotiron . . . |<0-0385 | 0-047 | Edges <0-025 | 
| | gone. 
5554. | Ordinary roofing sheets . | 0-039 | 0-052 0-023- at 
| | | 0-025 | 


* Inaccessible for gauging. 


The zinc coating had weathered off from the outside of all the 
sheets after 5 years from the beginning of exposure. 

Until this stage was reached, while the 0-35°/, copper steel was 
giving definite indications of proving the best, and the ingot iron the 
worst of the materials, the ordinary alloyed sheets had appeared 
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to show a slight superiority over those containing 0:22% of 
copper. 

At any period, however, the order of merit of the materials at 
each location was consistently the same. 


(b) Corrosion at the Different Sites. 

This applies also to the order of severity of the corrosion at these 
different sites, as judged by the behaviour of any one of the four 
materials. The relative severity, however, has varied at different 
periods. Thus, for the first 74 years, the increasing order was 
D, A, B,C. At the present time it is B, A, D, C, this change 
coinciding with a definite increase in productive activity, which 
increased the corrosiveness of the conditions in locations A, C’, and 
D, and less so at B. 

It is hoped to publish a more complete account of the trials when 
corrosion has proceeded to the point where a figure can be given for 
the life of each of the materials at each of the locations, such figure 
being determined by the occurrence of the first perforation. 


(c) A Further Trial. 

A further and supplementary trial on similar lines was com- 
menced in October, 1929. This was concerned with a more recent 
type of steel, containing both copper (0-42%) and molybdenum 
(0:10%), for which special merits are claimed in its use for roofing 
sheets. While the trial is proceeding satisfactorily, it is not yet 
(7 years, 2 months) possible to express a definite opinion on the 
merits of this special steel containing molybdenum in addition to 
copper, though it is certainly wasting at a slower rate than the 
ordinary sheets exposed during the same period. 


III.—REMARKS ON THE Utmity oF PRACTICAL TRIALS OF THIS 
NATURE. 


Apart from the experimental information obtained from these 
trials, which the authors trust may be useful to others concerned 
with similar problems, the results obtained prompt some remarks 
regarding the utility of trials of this nature. 

Where, as in such cases, readily available facilities in industry 
have to be utilised, and without disturbance to production, diffi- 
culties are encountered which are avoided in trials for which 
arrangements can be made specially. Nevertheless, by careful 
planning and observance of the conditions operating, the influence 
of those disturbing factors which too often nullify or render incon- 
clusive the results of trials of this kind, can usually be circumvented. 

The prime essential for success is co-operation between the works 
management and a trained scientific observer. In these days, this 
should not be difficult to arrange, even in a firm of only moderate 
size. 
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In the present case, such co-operation enabled suitable sites to 
be chosen, providing a variety of conditions under which the 
materials could be tested, and without which a correct assessment 
of their relative resistances to corrosion would not have been 
possible. 

Chemical analysis and careful measurement applied to the test 
materials have ensured that the results obtained are ascribed to 
the correct causes, whilst the reliability of the results themselves 
has been safeguarded by care in examination, both visually and 
by measurement. 

The varying conditions resulting from varying manufacturing 
activity, which ordinarily might make it difficult to assess the 
value of results, are well taken care of by regular periodical inspec- 
tions. This remark applies also to that uncertain and uncon- 
trollable factor the weather, the influence of which also is con- 
cerned in the present trial. It may be said, in fact, that the care 
taken for this purpose has been well repaid by additional useful and 
interesting observations on the wastage of the roofing sheets as 
— by the changes from time to time in the activities of the 

™. 

To these various points it is perhaps necessary to add the need 
for perseverance. In long protracted trials there is often, through 
the march of events and changing interests, a tendency for interest 
to flag and for care to be relaxed. This must naturally be resisted. 
In the present case, the promising results being obtained with 
roofing sheets covered with asbestos and others of a composite 
nature make it appear that they may quite possibly supersede 
plain galvanised sheets for roofing purposes in circumstances like 
those dealt with here. Nevertheless it was considered useful to 
pursue the present trials, not merely to prevent the time and 
trouble expended in the original planning from being thrown away, 
but also because the results obtained, although directly concerned 
with sheets of a kind which may not represent the most favourable 
for future use, cannot fail to be of definite value in considering the 
economics of roofing problems. 


In conclusion, the authors wish to acknowledge with many 
thanks the assistance received from Mr. A. Roebuck, Works Director, 
also Messrs. M. Brown and T. H. Middleham, of Messrs. Hadfields, 
Ltd., in the carrying out of these trials. 
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DISCUSSION. 


The PresipEnt (Mr. Alfred Hutchinson) said that the Institute 
was very much obliged to Sir Robert Hadfield, from whom a very 
large number of papers had been received in years past, for 
presenting this paper. Sir Robert had referred to the fact that 
Sheffield had a very trying atmosphere, but personally he thought 
that in his own area there must be almost as trying an atmosphere, 
on the very edge of the cliffs, exposed to the north-easterly gales. 
They had tried there both ordinary sheets and asbestos sheets. On 
going over a new building recently, he remarked that one mistake 
had been made, in that asbestos sheets had not been used; he 
thought their extra cost would have been worth while, as such sheets 
were still in good condition after covering the main mill building 
for some twenty years. 


Dr. W. H. Harrrevp, F.R.S. (Vice-President, Sheffield), said 
he had read the paper with very great interest. With regard to the 
Sheffield atmosphere, there was a very good argument for it in the 
fact that Sir Robert was still continuing his many researches after 
being subjected in his early days to the awful atmosphere of 
Sheffield. Sheffield as a corrosion station was very interesting, and 
the Corrosion Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation had a very fine corrosion station 
there. That Committee’s work was being done with plates and not 
with sheets, and the research which Sir Robert and Mr. Main had 
presented that morning was very interesting as being additive and 
complementary to what the Committee were doing. The authors’ 
conclusions were quite in accord with the findings of the Committee 
on the heavier form of the material. The copper-bearing steel was 
proving definitely superior to ordinary steel, but its merits did not 
appear until the galvanising coating had weathered off. That, of 
course, was the point. With ordinary steels, whether mild steel or 
copper-bearing steel, if the sheets were exposed to an atmosphere 
like that of Sheffield they could not survive unless the coating was 
continued, and everything turned on the efficiency of maintenance 
in a large works. 

It was interesting to his firm to see the steps taken by Messrs. 
Hadfields, Ltd. Their own works also covered many acres; they 
had carried out over many years similar forms of investigation, but 
they had rather concentrated, from the standpoint of works main- 
tenance, on determining what was the best coating, what was the 
best paint to apply, and some little time ago they had furnished 
him with a very interesting account of their experiments. If Sir 
Robert would care to have a copy, he would be very pleased to 
send him one. 

Sir Robert had referred to the Research Committee of The 
Institution of Civil Engineers. All the members of the Corrosion 
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Committee were familiar with that work, and admired it and 
followed it closely. The reason for instituting the work of the 
Corrosion Committee lay largely in the fact that as a metallurgical 
institution, as distinct from an engineering institution, they were 
interested in the early history of the steels which were exposed, and 
they wished, for instance, to be able to correlate at some future 
date even the physico-chemical reactions of steel manufacture 
with the performance of the steel on the corroding grounds. The 
work they were doing, therefore, as no doubt Sir Robert would 
agree, was complementary to that of The Institution of Civil 
Engineers. It would also interest Sir Robert to know that The 
Institution of Civil Engineers, having decided to go into the effects 
of soil corrosion, had communicated with the Corrosion Committee 
of the Institute, and they were collaborating, and a very extensive 
research in regard to soil corrosion by the two bodies in co-operation 
would shortly be put in hand. 

With regard to the ingot iron, he would like to ask the authors 
what type of ingot was used for producing the sheets, because, as 
was well known, if, on sectioning an ingot along its longitudinal 
axis, as was done by the Committee on the Heterogeneity of Steel 
Ingots, one examined the different forms of mild steel, one might 
find that the ingot was either a rimming steel ingot or an ingot of 
semi-killed steel. They both came under the category of ingot iron, 
but if the sheet was rolled from a rimming steel ingot one would 
expect a pure and sound surface to the sheet and a better perform- 
ance than if the ingot iron sheet was rolled from one of the ordinary 
types of ingot. Perhaps the authors would be good enough to say, 
therefore, what kind of ingot was used in the production of the sheets. 


Professor C. Brnepicks (Hon. Vice-President, Stockholm, 
Sweden) said he had known for a long time Sir Robert Hadfield’s 
keen interest in copper steel, and was very gratified that the 
authors had now been able to bring forward good and accurate 
data of great value. Quite recently Sir Robert and Mr. Main had 
produced an important volume on the corrosion of a great number 
of steels under different conditions. He had had the opportunity 
on that occasion of going into the details, and it was found that by 
adducing detailed meteorological data, as detailed as it was possible 
to obtain them through meteorological institutions, it was possible to 
draw quite a number of important conclusions. That induced him 
to point out that even in the case of the copper steel now under 
discussion it would be desirable for the recording of meteorological 
conditions to go on over the same period, and to be as detailed as 
convenient. The temperature, of course, ought to be given, and the 
percentage humidity, the total rainfall and distribution of the rain, 
and particulars with regard to atmospheric pollution. He was very 
glad to find on the second page of the present paper an indication 
of interest in those points. 
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In connection with that recording of meteorological conditions, 
he thought, though he could not judge the possibilities, that it would 
be extremely useful if, after a definite pericd of the same meteoro- 
logical character, an examination were made, and if this were done at 
comparatively brief intervals, so that it might be easier to draw 
conclusions from the meteorological data. 


Dr. W. H. J. Vernon (Chemical Research Laboratory, D.S.I.R., 
Teddington, Middlesex) welcomed very warmly the presentation of 
the paper. It was agreed that tests under service conditions had 
certain advantages that were not given by simulated or accelerated 
tests, and it must be conceded that tests in which the structure 
itself formed the test-piece must have still further peculiar ad- 
vantages; that, he thought, was the important feature of the tests 
described in the paper. In meeting the obvious difficulty of 
securing reliable data over a long period the authors had performed 
a most useful service, and in that connection he heartily agreed 
with their conclusions under the heading of “‘ Remarks on the 
Utility of Practical Trials of this Nature.” 

It was now fifteen years since Sir Robert had presented his 
paper on copper steels to the Royal Society, and that was probably 
the first demonstration in Britain of the advantage of copper in 
steel under industrial conditions. The conclusion reached in that 
paper was that the superiority under atmospheric corrosion was 
due to and dependent upon the amount of sulphurous acid in the 
air. It would be interesting to see in due course whether any 
correlation could be established between the corrosion results and 
the atmospheric conditions at the sites employed in the present 
tests. In the earlier paper it was concluded that the superiority 
of copper steels amounted to about 10% in pure air, increasing to 
about 25% in industrial atmospheres; he would like to ask the 
authors what their views were on that matter in the light of their 
recent work. The conditions described in the present paper were 
more complex than in the early work, inasmuch as the sheets were 
covered with zinc, but the results were interesting as confirming 
the view that the copper steels provided a better base for the 
hot-dipped zine coating. 

The authors had used two copper steels, with 0-22% and 0-35% 
of copper, and they found that the higher amount of copper gave 
better results, but he did not suppose that they would wish to 
convey the impression that 0-35°% of copper was generally better 
than 0:22%. If that were so, it would be rather contrary to a 
results of Dr. Hatfield’s Committee and Dr. Hudson’s work, 
which it was concluded that there was no advantage ir going over 
0-25%; but the two steels used by the authors were of different 
origins and different compositions, apart from the copper, so that 
probably the authors would not wish to draw any such general 
conclusion. 
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He would like to refer to the ingot iron, to which Dr. Hatfield 
had also referred. The authors found that the ordinary mild steel 
was superior to the ingot iron, and he would ask them to what they 
attributed that superiority—whether it was due to the greater 
amount of phosphorus or copper or both, apart from the physical 
conditions to which Dr. Hatfield had referred. 

It was very much to be hoped that, in spite of the fact that there 
were competitive materials which at the moment appeared to be 
better, the authors would go on with these tests, because the long- 
time test was the only criterion, and economic conditions might 
meanwhile change and the data obtained be extremely valuable 


in the future. 


Professor J. H. ANDREW (Sheffield) remarked that it always 
came as rather a relief to anyone like himself, who was steeped in 
academic work, to read a paper which might be regarded as 
essentially practical. He thought that the results which the 
authors had put forward were interesting from many points of 
view, and there were one or two matters which arose from them 
which he would like to put to the authors. 

In the first place, they used two copper-bearing steels. One 
contained more copper than the other, but there was another 
difference; the British steel was very low in carbon, while the 
other, the American steel, contained rather more carbon. Would 
the authors say whether they thought that the lower carbon 
content of the British steel might be partly responsible for its better 
qualities as a non-corroding steel. 

Another point which the authors brought out, was that the 
sheets were always thinner at the edges. It was generally realised 
that in the case of any roofing sheet the edges went first, but was 
there any reason why they should do so? There were, he thought, 
two possibilities. In the first case, the sheared edge would be under 
slight stress, and it might be that the potential difference at the 
edges was greater than in the middle of the sheet. Secondly, if the 
sheet was sloping downwards and the rain washed off from top to 
bottom, there would be a concentration of corrosive salts at the 
bottom. He would therefore like to ask whether the authors 
noticed any difference in the corrosion at the upper edge as com- 
pared with the lower edge. 


Dr. J. C. Hupson (Birmingham) thought the paper was a very 
interesting ome, because it was essentially a record of the results of 
practical experience. The whole point of the testing of materials 
was to endeavour to predict their behaviour in actual service and 
it was very desirable, therefore, to have accurate records of 
observations made under practical conditions, such as those given 


by the authors. 
Their results confirmed in a very interesting manner those of 
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the field tests on the atmospheric corrosion of sheets, which had 
been made by the American Society for Testing Materials, par- 
ticularly with regard to the superiority of copper-bearing steels. 
It was interesting to note that the ingot-iron sheets had been found 
in practice to behave worse than mild-steel sheets. That would 
appear to be in more or less general agreement with the experience 
of other investigators; for example, in the Fourth Report of the 
Corrosion Committee (p. 16) the Committee stated that their 
experience to date had been that, on the whole, ingot iron had 
proved rather more corrodible than mild steel, although the 
difference was not very definite. In fairness to the ingot iron, 
however, it should be added that, since, in most cases at least, this 
material was produced from a rimming ingot, it might be found 
to show to less advantage in tests on comparatively thin material, 
because the rim would be of proportionately reduced thickness and 
therefore perforated within the duration of the test, whereas in the 
case of a thick plate the rim itself would be exposed to corrosion 
during the whole period of the test. In other words, he would not 
expect the same geometrical symmetry in the case of tests on ingot 
iron made from a rimming ingot as on a steel of a non-rimming 
type. It would have been interesting had the tests included wrought 
iron; no doubt this was not possible owing to the practical con- 
ditions which the authors had to meet at their works. 


Dr. W. H. Hatrrexp, interposing, said that in any case they 
would have had to pay more for it. 


Dr. Hupson, continuing, said that the First Report of the 
Corrosion Committee (p. 31) contained records of some very in- 
teresting examples of the longevity of wrought-iron roofs, which 
showed that this material had given very good service in the past. 

It was interesting to note that the galvanising of the sheets was 
observed to weather off within a period of five years. The coatings 
were given by the authors as varying from 0-85 to 1-35 oz. per sq. 
ft. of surface, and those figures corresponded roughly to from 
0-0014 to 0-0023 in. thickness of zinc. The rate of corrosion of zinc 
observed at the Sheffield corrosion station of the Corrosion Com- 
mittee, where the conditions were very similar to those at Messrs. 
Hadfield’s works, had been found to be approximately 0-00058 in. 
per year, so that one would expect a maximum life of about four 
years for the coatings on these sheets. This figure agreed very well 
with the authors’ observations. In that connection, he would like 
to ask whether the authors had noticed any variation in the life of 
the galvanised coatings on their sheets. It would be interesting if 
they would examine their records to see whether there was any 
connection between the thickness of the coating and the life 
observed in their periodic inspections. 

Professor Benedicks raised the question of correlating the 
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results of atmospheric corrosion tests with meteorological con- 
ditions. It might be of interest to state that, at least within the 
limits of the British climate, the rate of corrosion of zinc had been 
found to vary very approximately with the total atmospheric 
pollution, as determined in pollution gauges.1 That was an 
interesting correlation which held for zinc and, to a much less 
extent, for iron. There was, however, a rough proportionality 
between the rates of corrosion of iron and zinc, although this was 
affected by other factors. 

He would thank the authors for publishing their results, and 
express the hope that this would prompt other firms and individuals 
having similar data to place them before the Institute. 


Mr. H. B. Toy (Saltburn-by-the-Sea) said that he would like to 
ask whether the authors had made any comparison between steel 
galvanised sheets, and those made from puddled iron. 

Many years ago, he had an opportunity of inspecting some 
puddled-iron sheets microscopically, and he discovered that instead 
of having a definite coating of zinc, as was obtained with steel 
sheets, the iron sheets seemed to absorb the zinc, and, consequently, 
were much more durable than the steel sheets. 

He was of the opinion that the reason why steel sheets had 
taken the place of iron was that the latter were more costly to 
produce both in regard to the iron itself and the increased quantity 
of zinc necessary to coat the sheets, and it appeared to him un- 
fortunate that the manufacture of puddled-iron galvanised sheets 
had been discontinued. 


CORRESPONDENCE. 


Dr. J. NEwtTon FRIEND (Birmingham) wrote that, although the 
results obtained by Sir Robert Hadfield and Mr. Main were 
admittedly of a preliminary nature and subject to confirmation or 
modification when the research was completed, the available data 
were extremely interesting. 

Comparatively little work had been done on the protective 
influence of galvanising on different kinds of steel, and it was 
seldom that one saw analyses of galvanised metal giving the weight 
of zinc in the coating. Galvanising was essentially a rule-of-thumb 
process. The spelter used was seldom if ever analysed in com- 
mercial practice, and the weight of zinc left on the metal varied 
considerably with every batch. In the sheets under discussion the 
weight of zinc varied from 0-85 to 1-35 oz. per sq. ft., an average 
variation over the mean value of some 23% either way. 

A year or two ago he had occasion to determine, on behalf of 
the Sea-Action Committee of The Institution of Civil Engineers, 


1 Transactions of the Faraday Society, 1929, vol. 25, p. 242. 
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the amounts of zinc present on various ordinary galvanised domestic 
articles. Some of the results might be quoted here? : 


Sheet ‘iron ’’ (sample 1). ‘ ; . 0-50 oz, zine per sq. ft. 
Sheet “iron ’’ (sample 2). ; ; Ae | a se 
Small foot-bath ; : : ee eee ” 
Small soap rack . : : : - 2128 ,, 5 ” 
Ordinary bucket . . ° ° ° 1:36 ” ” ” 
Hand-bowl . : : ; . a e 


The sheets used by the authors fell well within these limits. Now 
the resistance offered by galvanised steel to corrosion appeared to 
be intimately connected with the quantities of zinc in the coats,” 
the heaviest coats yielding the best protection. When, therefore, 
the full data were available it would be useful to know to what 
extent variation in the zinc coats had affected the rates of corrosion 
of the different types of steel employed. 

The fact that the presence of copper in steel enhanced its 
resistance to atmospheric corrosion supported the work of the 
Sea-Action Committee referred to above. In their Fifteenth Report * 
it was shown that the mean relative corrosion of steel bars exposed, 
some for 5 and some for 10 years, to sea air at Halifax (Canada), 
Auckland (New Zealand), Plymouth (England) and Colombo 


(Ceylon) was as follows : 
Relative Oorrosion. 


Low Moor iron. ; : ; : ; ‘ . 100 
Ingot iron 4 ; : : ; : . 138 
Mild steel ; : : : ‘ ‘ ; . 114 
Steel with 0-6235% of copper. : : i . 84 
Steel with 2-185% of copper. : : ; . 58 


The foregoing data and those of the authors clearly indicated that 
by increasing the percentage of copper the resistance of the steel to 
atmospheric corrosion was increased very appreciably. Hudson’s 
conclusion * that “‘ there is no marked advantage in adding more 
than about 0-2% of copper to the steel so far as the resistance to 
atmospheric corrosion is concerned” appeared to be entirely 
erroneous. ‘This showed how dangerous it was to draw general 
conclusions from restricted series of experiments. 

The conclusion of the experiments would be awaited, if not, 
indeed, with impatience, yet certainly with eagerness, and he would 
be particularly interested to know the result obtained with the 
metal containing copper and molybdenum. It had already been 
found > that molybdenum up to 4% did not exert any marked 


1 Taken from the Sixteenth (Interim) Report of the Committee, 1937, 
p- 13. . 

2 See Seventh (Interim) Report of the Committee, 1927, p. 18. 

’ Fifteenth Report, 1935, pp. 75-76, and Table XIX. 

* See Symposium on Atmospheric Corrosion, Manchester, Feb. 5, 1937. 

. Friend and Marshall, Journal of the Iron and Steel Institute, 1914, No. I., 
p- 503. 
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influence on the corrosion of steel exposed to tap water, salt solution 
or dilute sulphuric acid. In the alternate wet and dry tests, which 
corresponded more closely to atmospheric conditions, steels con- 
taining molybdenum corroded much more rapidly than the 
corresponding molybdenum-free steels. In the present tests the 
increase in the copper content (0-42%) might easily mask or even 
more than counterbalance any effect due to the small amount of 
molybdenum (0-10°%) present. 


Dr.S8.G. CLARKE (Research Department, Woolwich) wrote that the 
authors’ trial contributed further evidence of the superior corrosion 
resistance of copper-bearing steel exposed in an industrial atmo- 
sphere, although it was doubtful if the better result with the 0-35% 
copper steel as compared with the 0-22%, copper steel was attribut- 
able solely to the increased copper content, as the more resistant 
steel had, for example, a lower carbon content. Evidence on the 
effect of carbon had been furnished in a corrosion test on a series 
of hot-rolled copper steels (Table A); one set of steels was low in 


TaBLE A.—Composition of Steels Tested. 









































Mark. C. %. Si. %. S. %. P. %, Mn. %. | Cr. %. | Cu. %. | 
| 
MJD 0:05 0-21 <0-01 0-02 0-28 0-50 1-60 | 
MJE 0-04 0:24 0-02 0-03 0-28 0-51 2-13 
MJF 0-05 0-24 0:02 0-02 0-38 0-52 3°15 
MJG 0:04 0-20 <0-01 0-02 0-40 0-51 4-02 
MJH 0-29 0-26 0-01 0-02 0-40 0-51 1-55 
MJI 0-28 0-35 0-01 0-03 0-47 0-48 2-05 
MJK 0-23 0-25 0-04 0-03 0-32 0°55 3:15 
MJL 0-20 0-19 0-02 0:02 0-43 0-50 4-15 
a” 0-21 0-04 0-04 0-04 0-61 Nil 0-02 


* Tron and Steel Institute Corrosion Committee mild steel. 


carbon (0-:05%) whilst another set contained a larger amount 
(0-2-0-3%) but was similar in other respects. The materials in the 
form of small plates (measuring 2 x 1-5 x 0-125 in.) with ground 
surfaces were exposed in duplicate to the external atmosphere in an 
unprotected position at Woolwich for one year (Jan. to Dec., 1934). 
The results for the total loss of metal by corrosion obtained by 
weighing after quantitative removal of the rust (Fig. A) showed 
that the copper steels with the lower carbon content were slightly 
more corrosion-resistant than those with the higher carbon content, 
the difference being about 10%. The higher value for the corrosion 
of similar specimens of the Iron and Steel Institute Corrosion 
Committee’s mild steel X, which was tested simultaneously, was 
plotted for comparison. Investigation over a longer period of time 
would be required to establish the maximum differences likely to be 
obtained in the course of years. The higher copper content of the 
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steels tested as compared with commercial structural copper steel 
did not appear to be a significant feature, as with more than small 
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Fie. A.—Corrosion in the Atmosphere for One Year. 


amounts of copper the atmospheric corrosion resistance had not 
been found to improve markedly. 


Mr. K. G. Lewis (Wolverhampton) wrote to ask the authors if 
they did not think it possible that the heating effect on the inner 
surfaces of the sheets had accounted for the behaviour of the roofing 
materials used. Under most standardised conditions of corrosion, 
increasing temperature brought about an increase in corrosion 
velocity, but in the present instance the circumstances were rather 
different, and, whilst intermittent heating and cooling might 
accelerate corrosive attack, it was to be assumed that the heating 
in this case was to all intents and purposes continuous. 

Had the authors any information with regard to the tensile 
strength and elongation properties at the time of writing—December, 
1936? The writer had carried out tests on various steels, principally 
in the unprotected condition, for three years in the centre of 
Manchester, a site probably of a much more corrosive nature than 
that which the authors had adopted. The specimens were exposed 
on racks and, in most instances, were of 20 S.W.G., the remainder 
being of 16 S.W.G. After three years all of the ordinary steels were 
mechanically useless, and, in the main, showed little relationship 
with the loss-in-weight tests, owing chiefly to the *¥ery irregular 
type of corrosion. The only outstanding materials were those of 
the 18/8 variety. 

Could the authors give any information with regard to the 
pigments used in their painting practice? It was very pleasing to 
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observe the improved behaviour of steel containing copper above 
the usual 0-25% range, a result which the writer had obtained in 
tests of copper-bearing steels exposed to a marine atmosphere. 


Dr. S. F. Barciay (Manchester) wrote that the authors had 
apparently not in view the expectation that a given degree and 
quality of galvanising was likely to be more effective on a copper- 
bearing steel than on ordinary unalloyed sheets. The issue appeared 
to be the difference in life between the two materials after the 
galvanising had weathered off. If this inference was correct, then 
it was not quite clear why the authors did not make a flat trial with 
sheets which had not been galvanised. A test of ungalvanised 
sheets would certainly have been more satisfying, in view of the 
varying performance of galvanising on a single quality of material. 
The authors referred to a big variation in the estimated weight of 
zine on the sheets—on their own figures, the difference amounted 
to nearly 60%. The weight of zinc was, however, not a sole guide 
to the resistance of galvanised sheet to corrosion; the nature of the 
surface beneath, particularly with regard to the degree of effective- 
ness in removing the mill scale, was an important factor. 

Even, however, if a direct comparison had been made between 
sheets not galvanised, considerable care would have been necessary 
in selecting the location of the test specimens. He knew of one 
corrugated iron roof at a steelworks which lasted several times as 
long as other corrugated roofs at the same plant. Investigation 
showed that the unusual life of this particular material was due to 
the fact that the roof was swept by the smoke from a gas producer 
plant, not fitted with any recovery plant, and the tarry matters 
deposited undoubtedly helped to preserve the steel sheets. When 
rain fell on this roof, it was quite a common sight to see the water 
drops running off it like silver pellets without wetting the sheets. 

What was, however, more important than the foregoing was the 
inference to be drawn from the authors’ tests. The casual reader 
might conclude that a good case had been made out for adopting a 
copper-bearing steel for galvanised roofing sheet, but possibly a 
wiser deduction would be that the quality of the material was not 
important and that the essence of long life was good galvanising 
reinforced by good painting. 


AUTHORS’ REPLY. 


Sir Ropert HaApFrieLp, Bt., F.R.S., in reply, thanked Dr. 
Hatfield for his contribution to the discussion, to which he would 
reply in writing. He would like, however, to deal with Dr. Hatfield’s 
question about the ingot iron. It would be noticed that the paper 
did not say whose ingot iron it was, and he need hardly say that it 
was not desired to make any comparison, and there might be other 
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qualities of ingot iron which they had not tested and which might 
be better. He suggested, however, that the Corrosion Committee 
of the Institute should take that matter in hand, and that they should 
also take in hand Mr. Toy’s suggestion, which he regarded as a very 
useful one. 

He would like to thank Professor Benedicks for his contribution. 
Professor Benedicks had made a most valuable contribution to the 
discussion of a paper presented by Mr. Main and himself to The 
Institution of Civil Engineers, which would appear in the Journal of 
The Institution, probably in October next. Professor Benedicks 
had given an enormous amount of time to the consideration of the 
question and had introduced several new points which would be of 
interest both to the Corrosion Committee of the Institute and the 
Committee of The Institution of Civil Engineers. 

He was also indebted to Professor Andrew for his comments. 
Professor Andrew raised a point to which personally he must admit 
that he had not given full and proper consideration, namely, the 
amount of carbon present. The copper-bearing steel from America 
was, it was true, rather higher in carbon, and probably Dr. Hatfield, 
from his experience on the Corrosion Committee, would agree that 
that was rather against the material. He had to take it, however, 
as it was sent to him. It would be interesting to follow up the 
question of the effect of carbon on the copper steel; they might try 
about 0-05% and 0-1% and 0-2% and see how the carbon affected 
the results. He would leave it to Mr. Main to answer Professor 
Andrew’s other question, regarding the edges of the sheets. 

He was very grateful for the interest shown in the paper. It 
had been a labour of love. His firm did not make copper-steel 
sheets, because they had not a sheet mill; but there must be millions 
of acres of roofing sheet throughout the world, and if copper steel 
was better and gave an economy in life, the more the question was 
studied the more would the standing charges go down in that respect. 
His firm had ordered nearly 200 tons this year, which showed the 
enormous waste which took place, not in the first few years but 
towards the end of the life of the sheet. 


Mr. 8. A. Matin, who also replied, referring to Dr. Hatfield’s 
point about ingot iron, remarked that, as Sir Robert had said, it 
was not desirable to give proprietary names in papers presented to 
the Institute, but he could assure Dr. Hatfield that the material was 
of the type to which he (Dr. Hatfield) had first referred; it was a 
type of rimming steel with which both he and Dr. Hatfield were 
very familiar under a certain name. 

To Professor Benedicks he would say that when the full results 
of the trial came to be reported in due course the available meteoro- 
logical data would be fully recorded, so that those interested could 
form their conclusions. In regard to Professor Andrew’s remarks, 
the authors had not attempted to discuss the results or to attribute 
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reasons why one material had done better than another; that would 
better come later. Professor Andrew had quite rightly referred to 
the difference in the carbon content. Personally, for the present he 
would say that it would seem that purity in the material—and by 
“* purity ’ he meant freedom from elements including, in this case, 
carbon—was not necessarily a desirable point for resisting the 
sulphuric acid of the atmosphere. 

Replying further to Professor Andrew, the corrosion had started 
to damage the sheets and perforate them at the bottom edge of the 
sheet in each case. 

Dr. Hudson raised a point about the possible effect of the rimming 
character of the steel. Another reason, in addition to that which 
Dr. Hudson suggested, for a steel of that type not behaving very well 
might be that at the edges of the sheet the inner and more segregated 
portion of the material was of course exposed, and possibly electro- 
lytic corrosion might be set up for that reason. The authors would 
look into the records, as suggested by Dr. Hudson, to see whether 
the life of the galvanised coating could be related to the thickness of 
the coating on the respective sheets. 

To Mr. Toy he would say that the sole reason for not trying 
puddled iron was that this was essentially a practical test, and the 
reason given by Mr. Toy was the correct one. They were not able 
to consider the use of that material, although for scientific purposes 
it should be investigated. 


The AuTHoRS, in further reply, wrote that some of the questions 
seemed to indicate a desire to utilise the data a little more deeply 
and to draw more detailed conclusions than the circumstances 
warranted. 

Nevertheless, and while fully agreeing with Dr. Vernon’s remarks 
on this point, it seemed safe to say, as pointed out by Dr. Friend, 
that a useful upper limit of 0-25% of copper could not be assigned, 
having regard to other variations in commercial material. 

Mr. Lewis’s confirmation of the results of the Committee of The 
Institution of Civil Engineers in a similar direction, but in regard to 
marine atmospheres, was interesting and valuable. 

Referring to the remarks by Dr. Barclay, the authors believed 
it to have been useful to have investigated the merits of copper- 
steel roofing sheets in the galvanised condition in which they were 
ordinarily supplied. Tests of non-galvanised copper-steel plates 
were, as he was doubtless aware, being conducted in a thorough 
manner by the Institute’s own Committee. Although, as mentioned 
by Dr. Barclay, galvanising was a useful contributor to their longevity, 
the authors could not agree that the composition of the material of 
galvanised sheets was unimportant; the contrary seemed clearly to 
be established, and the superiority of the copper-steel sheets remained 
unaffected by variation in atmospheric conditions of the kind 
described by Dr. Barclay. 

1937—i H 
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The respective weights of the galvanised coatings were: For 
the ordinary steel, 0-85 oz.; British copper-bearing steel, 1-10 oz. ; 
American copper-bearing steel, 1-04 oz.; and ingot iron, 1-35 oz. per 
sq. ft. on each side. 

In reply to Dr. Friend and Dr. Hudson, the life of the galvanised 
coatings—that was, to the point where they had completety gone— 
appeared to be practically the same for all the materials on any one 
building, but not for the different buildings. The last to go were 
those on site D, between the inspections at 4 and 5 years. The 
records, however, indicated that while the coatings were in process of 
disappearing, the differences noted were roughly in accordance with 
the thicknesses of the coatings, i.e., the thinner coatings started to 
flake earlier. Thus the trials gave no support to the idea that the 
coatings adhered better to the copper steel. 

Both in the earlier stages while the galvanised coating remained, 
and later when it had all gone, the British copper steel had been the 
least corroded, and the ingot iron the most corroded although having 
the heaviest coating. 

Relative numerical values for the copper steels and the ordinary 
steel would not be available until the end of the trial, whenever that 
might be. It seemed likely that the figure of 25%, representing the 
superiority of copper steel in the Sheffield atmosphere as recorded 
in the earlier paper referred to by Dr. Vernon, would be exceeded 
for these galvanised roofing sheets. The fact that they were here 
assembled into the structure seemed to be of some importance, as 
shown by the general tendency to waste at the sides and lower edges 
of the sheets, especially the latter, which fact the authors were 
inclined to attribute to the drainage of water to those parts. Where 
specimens were exposed in isolated units this did not so readily occur, 
and this might be an additional reason for the better relative 
performance of ingot iron in the researches of the Institute’s own 
Committee, as pointed out by Dr. Hudson. 

Heat and other conditions inside the roofs undoubtedly had a 
marked influence, as Mr. Lewis suggested; that was shown by 
considerable differences in the general rate of corrosion for the four 
buildings. The relative order of merit of the materials, however, 
remained the same under the varying conditions. 

In further reply to Mr. Lewis, no tests for reduction in strength 
of the sheets had been made, as this was of secondary importance, 
their life being determined rather by their continued ability to keep 
out the weather. With regard to the pigments used in the paint, 
the outer coats were of graphite paint, a lead base being used for the 
inner coats. 

The data provided by Dr. Clarke were a welcome*contribution 
to the study of the effects of carbon in copper steel. While the 
authors were prepared to believe that the small variations in carbon 
between the two copper steels tested by them might have had some 
influence on the performance, it seemed doubtful whether any safe 
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deduction on that point could be made from the results of steels 
containing much higher copper percentages, figures for which were 
given by Dr. Clarke. 

In conclusion, the authors wished to express their thanks to the 
various contributors for their appreciative remarks, and hoped that 
these would encourage others to present the results of similar 
practical trials, whether concerned with corrosion or with other 
tests of the serviceability of steel. 
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METHOD FOR TESTING THE RESISTANCE 
OF STAINLESS STEELS TO LOCAL 
CORROSIVE ATTACK.! 


By Dr. SVEN BRENNERT (Stockxnoitm, SWEDEN). 


(Fig. 4=Plate I.) 


SUMMARY. 


A new corrosion testing method is described, by means of which 
numerical values can be given for the resistance of stainless steels to 
the formation of pits. It consists in the determination of the anodic 
potential which can be applied to a metal surface without any 
“break-through ”’ taking place. The potential is measured against 
that of a saturated calomel electrode. The practicability and the 
defects of the method are discussed, and the “‘ break-through ”’ 
potentials for some stainless steels are given. 


INTRODUCTION. 


On stainless steels three kinds of corrosion are found, namely, 
(1) even corrosion over the whole surface, (2) local attack, and (3) 
intercrystalline corrosion. With regard to (1) and (3), fairly reliable 
corrosion testing methods are already available. With regard to the 
resistance of stainless steels to local attack (pitting) the methods 
hitherto proposed’ are to be regarded as retKer imperfect. 

The method generally: used is the -salt-spray test, consisting of 
exposing the snecimen for a long time te a fine spray of sodium 
chloride solution, sea-water, cr the like. This incthod has, however, 
the defect, among others,’that the intensity of corrosion is dependent 
upon the way in which the liquid deposits on the surface—whether 
drops are formed, or whether the whole surface is covered by a thin 
liquid film. Much time is required to carry out the test, and, further- 
more, it is sometimes difficult to maintain a constant temperature 
throughout the whole period—which in this case is very important. 
The degree of resistance to corrosion is judged by the appearance 
of the surface after the test and by the loss in weight. 

In the next most-used test the specimens are immersed in the 
test solution for a certain time, and the surface is then examined and 
the loss in weight determined. The weakness of this method is that 
attack easily takes place at cut edges, and other sharp edges if 
present, at surfaces in contact with the reaction vessel, and, if 
attempts be made to protect the edges and the contact surfaces with 
vaseline or the like, at the boundary lines between the material 


1 Received August 5, 1936. 
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and the means of insulation. These attacks have a galvanic pro- 
tective influence on other parts of the surface. It therefore often 
happens that a surface, which is not in itself resistant to a certain 
solution, remains unattacked in such a test, the attack being 
concentrated, for instance, at cut edges. 

Both methods suffer also from another defect. If no attack is 
found it is impossible to know whether the testing conditions ought 
to be made slightly or much more severe, in order to produce cor- 
rosion—in other words, whether the ‘‘ margin of safety ”’ is large or 
small. 

Finally attempts have been made to use the single potential of 
the stainless steels in the corrosion solution as a measure of the 
resistance of the stainless steel to attack. However, as stated below, 
it has been found impossible to obtain constant values for the single 
potential, and for this reason, among others, it has not been possible 
to get reliable values of the corrosion resistance with this method. 

With the new method described in the following, the above- 
mentioned inconveniences are eliminated. By this method it is 
possible to get, in a short time, a reliable numerical expression of the 
resistance of a stainless steel to the formation of pits in a certain 
solution. 

The method has been worked out at the Laboratories of the 
Aktiebolaget Separator in Stockholm. 


THEORETICAL BASIS OF THE NEw METHOD. 


The resistance of stainless steels to corrosion is due to the fact 
that the metal surface is covered by an oxide layer of great chemical 
resistance (is pessivified). If this laver is strong enough to withstand 
the pressure of the metal ions, it will form a piotection, and no cor- 
rosion will take place. If, on the other hand. it cannot support the 
solution pressure but is broken through in one or more places, corro- 
sion will take place at these points. in those vases in which the 
layer is not broken through, it is, nevertheless, possible sometimes 
to produce corrosion by anodic treatment of the surface. In such 
a case it will be found that the break-through first occurs at a poten- 
tial which is, for a certain material, always fairly constant, provided, 
of course, that the material is homogeneous. This potential, which 
in the following will be called the ‘‘ break-through potential,” is a 
measure of the resistance of the material to corrosion, as will be 
shown below. 

Such a test of the break-through potential can, in principle, 
be carried out in the following way (the method suggested earlier 
by Donker and Dengg*): A specimen A is immersed in a solution, 
as shown in Fig. 1. If the switch R is open at the beginning of the 
test, no external current can, of course, flow through the specimen. 
The single potential Ey of the specimen is therefore measured, by 


1 Korrosion und Metallschutz, 1927, vol. 3, p. 217. 
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means of the calomel electrode N. Then, if the sliding contact of 
the resistance P is brought into position 1 and R is closed, and the 
contact is slowly moved along the resistance in the direction shown 
by the arrow, the surface of the specimen will be exposed to a 


+ 
































A, Specimen of stainless steel; lead ZL. Milliammeter. 
and its joint to the specimen M,. Valve potentiometer. 
insulated. N. Saturated calomel electrode. 
P 
Q 
R 


B. Cathode, e.g., of stainless steel, Resistance. 
as under A. Agar conductor. 


H. Test solution (e.g., 0-1N NaCl). Switch. 


Fic. 1.—Arrangement (Simplified) for Determining the Break-Through 
Potential. 


gradually increasing anodic polarisation. It will be found that 
either— 


(a) no corrosion at all takes place on the surface A, but that 
gas bubbles, oxygen or chlorine, are produced on the surface, 

or (b) the material commences to dissolve at a certain 
moment during the test. 


Neglecting the former case here, the second will be examined. If, 
in the latter case, diagrams of the variation of the potential Z and the 
current J are drawn, they will appear as shown in Fig. 2 (full lines). 
Between the time 0 and 7' a weak current (residual current) passes 
through the system, and the potential increases continuously. 
During this period the specimen remains unattacked. At time 7’, 
when the break-through takes place, a sudden increase of J occurs, 
indicating that the material is commencing to dissolve. At the same 
time E drops. The maximum potential HL, gives the break-through 
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potential defined above. If the specimen is examined after the test 
it will show one or more points of local attack (pitting). 

£, is the single potential of the material, i.e., the potential of the 
specimen when no current is applied. H, is the potential at which 
the specimen begins to corrode. Thus, Z, — Z, is a measure of the 
margin of safety of resistance to corrosion, i.e., a measure showing 
how much more severe the conditions can be made without the 
occurrence of any attack. 


é 
6H |\MA 














Time 


£5 


Fic. 2.—Time-Potential and Time-Current Diagrams, obtained with the 
arrangement shown in Figs. 1 and 3. 


No difficulty will be found in determining the potential £,, 
which gives rather well-defined values, at all events with the method 
described below. On the other hand, it is difficult to obtain a fixed 
value of Hy, especially with small specimens. In the case of a com- 
pletely passivified surface, this potential is dependent upon, among 
other factors, the oxygen concentration of the solution. Theoretic- 
ally it should correspond to the value of the oxygen gas electrode in a 
neutral solution. It is well known, however, that the potential of an 
inert electrode immersed in a solution containing oxygen differs 
considerably from this potential. Thus, the potential of a com- 
pletely passivified surface in, for instance, an aerated diluted sodium 
chloride solution is generally about +- 0-25 V. 

With regard to the stainless steels, there is another uncertain 
feature, in that the surface is not completely passivified, more or less 
temporary spots arising sometimes at cut edges or the like (see 
“ Introduction ’’). The value in question can therefore change in the 
direction of the less noble range. In cases of complete passivification, 
however, the value in a neutral and well-aerated solution will be 
about + 0:25 V. This potential corresponds to the potential of the 
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saturated calomel electrode. For this reason the author has chosen, 
as an expression of the resistance of stainless steels to the formation of 
pits, the break-through potential E, compared with the saturated 
calomel electrode. 

Note.—An evolution of oxygen gas (or chlorine gas), as stated 
above, shows that Z, is above the potential required for oxygen or 
chlorine to be liberated on the specimen, indicating a high resistance 
to corrosion. 


CARRYING OUT THE MeETHOD.! 


As stated above, cut edges, contact surfaces and boundary lines 
to insulation are particularly exposed to attack. The passivifying 
film is weakened at these places, and thus the resistance of these 
weakened spots is no indication of the real resistance of the material 
to corrosion. Therefore, a correct result will be obtained by the 
method shown in Fig. 1 only if all edges have been well rounded and 
polished and the insulation of the point of connection of the current 
lead is made in such a way that it causes no reduction in the corrosion 
resistance. These preparations, however, take much time and do not 
always lead to the result desired, and attack will still arise on these 
surfaces. For this reason the method has been modified, as in Fig. 
3, A and B. 

If a current Jy is made to flow in the direction of the full lines, 
then the surface A, will be anodically polarised to an extent deter- 
mined by the intensity of the current, the specific resistance of the 
solution, and the dimensions of the test arrangement. Maximum 
polarisation takes place on the surface A,. Provided that the glass 
funnel mouth D lies near enough to the surface of the specimen 
under test, there will be no potential fall in the solution between D 
and the test surface. Thus, the potential of the surface Ag, t.e., of 
the part where the anodic polarisation is greatest,will be measured 
by the calomel electrode N. If the specimen commences to dissolve 
within the surface A,, a current will flow, as shown by the dotted 
lines in Fig. 38. This current, outside the glass cylinder C, will 
therefore be divided, and flow partly to the portion of the specimen 
lying outside A, and partly to the surface B. The current /, 
according to Fig. 3, will therefore be, at least approximately, 
proportional to the total current flowing through the surface A,. 

The test is carried out in principle in the same way as that shown 
in Fig. 1. Thus, the sliding contact of the resistance is brought into 
or near the position 1, and then slowly displaced in the direction of 
the arrow, in this way gradually increasing the anodic polarisation of 
the surface A,. As soon as this polarisation has reached the value 
of the break-through potential the protective film is broken through 
in the same way asin the former case. Ifthe current J and the poten- 


1 A more detailed description of the method has been published earlier 
(Brennert, Jernkontorets Annaler, 1935, vol. 119, p. 281.) 
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A. Specimen of stainless steel. K. Milliammeter for verifying the 
B. Ring of stainless steel (18% Cr, auxiliary current I. 

8% Ni). L. Milliammeter for determining the 
C. Glass cylinder. corrosion current. 
D. Glass funnel. M. Valve potentiometer. 
F, and F,. Porous cylinders. N. Saturated calomel electrode. 
G. Platinum wires. P. Resistance (velocity of increase 
H. Test solution (e.g., 0-1N NaCl). of potential 15 V. per hr.) 
J. 1% Na,SO, solution for prevent- 
ing evolution of chlorine gas. 


Suitable dimensions : 
A, = 15 mm. in dia. 

A, = 10mm. 

a = 2mm. 

b =0-5 mm. 


Fie. 3a (see Fic. 38).—Arrangement for Determining the Break-Through 
Potential. 


tial HZ are measured and curves are drawn showing the variations of 
these features with time, diagrams are obtained resembling those 
produced with an apparatus corresponding to Fig. 1. It happens, 
however, that the current does not follow the abscissa during the 
first period, but will lie somewhat above or below it, as shown by the 
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dotted line in Fig. 2. This is due to the fact that, at times, either 
the specimen or the electrode B is corroding somewhat at cut edges 
or contact surfaces. This does not influence the test, however, the 
corrosion occurring outside the surface A,. If the specimen be 
examined after the test, in this case also pits are found (within the 
surface A,). Fig. 4 gives a typical illustration of such a surface. 
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Fic. 38 (see Fie. 3a).—Arrangement for Determining the Break-Through 
Potential. (For key, see Fic. 34.) 


INFLUENCE OF VARIOUS FACTORS. 


Velocity of the Increase of the Potential.—If this velocity is kept 
within reasonable limits its variations will influence the result very 








0-60-44 4-4 1- ; 
Seto 
ee ae 7000, 
velocity of Voltege Increase. Volt per hr. 

Material : stainless steel (18% Cr, 8% Ni). 

Temperature : 25° C. 

Solution : 0-1N NaCl. 
Fic. 5.—Relation between the Velocity of the Increase in Potential (at P, 
Fig. 3) and £,. All potentials in the diagrams and in the Table refer to 

the saturated calomel electrode. : 


























E,. Volt 
T 


little. Only a tendency towards an increase in the values of H, can 
be noted if the velocity in question increases, as in Fig. 5.1 


1 All potentials in the diagrams and the Table refer to the saturated 
calomel electrode. 
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Oxygen Content of the Solution.—The values obtained are practic- 


ally independent of the oxygen content of the solution (Fig. 6). 
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Oxygen.C.c. (N.T-Plper litre of solution. 


Material : stainless steel (18% Cr, 8% Ni). 

Temperature: 25° C. 

Velocity of increase in potential (at P, Fig. 3): 15 V. per hr. 
Solution : 0-1N NaCl. 


Fic. 6.—Relation between the Oxygen Content of the Solution and £. 


Temperature.—It is of the greatest importance that the temper- 
ature of the solution be kept constant. When testing an ordinary 
18/8 steel in 0-1N sodium chloride an increase in the temperature 
from 20° to 25° C. will cause a reduction of the break-through poten- 
tial by about 0-1 V. This question is treated more fully elsewhere. 
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NeC/ Solttion. 


Material : stainless steel (18% Cr, 8% Ni). 
Temperature : 25° C. 
Velocity of increase in potential (at P, Fig. 3): 15 V. per hr. 


Fic. 7.—Relation between the NaCl Concentration and E,. 


Concentration of the Solution —Fig. 7 gives an example of the 
relation between the concentration of the solution and the break- 
through potential. As will be seen, no very great precision is re- 
quired in preparing the solution. A variation of the concentration 
of 10% will not noticeably influence the result. 

Hydrogen-Ion Concentration of the Solution.—If a 0-1N sodium 
chloride solution is used and the specimens are passivified in concen- 
trated nitric acid before the test, then hydrogen-ion variations within 
the limits 2-5 to 10 will not influence the result. The solutions in the 
cylinders F, gradually become alkaline, and these solutions diffuse 


1 Report to the International Association for Testing Materials Congress, 
London, 1937, Group A, Metals. 
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Fic. 4.—Attack on the Specimen after test with arrangement as shown in Fig. 3. The test was con- 
tinued for 30 min. after break-through had occurred, in order to produce rather he avy attack. 
The material tested was very homogeneous, which explains the great number of points of attack. 
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into the test solution, increasing its alkalinity near the surface A,. 
In order to ascertain whether or not the solution in the cylinder C has 
become alkaline some phenolphthalein should, now and then, be 
added to this solution after the test. (The phenolphthalein changes 
colour at about pH = 9). 


RELIABILITY OF THE METHOD. 


For the purpose of verifying the method described above com- 
parative tests were made between it and another method, the prin- 
ciple of which has been described by Evans and Mears.! The 
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Fia. 8.—Comparison between the Resistance to Corrosion of Various Stainless 
Steels as indicated by the break-through method and the method of 
squares, 


specimens were ruled in squares with small ridges of bitumen, and 
on each square surface a drop of 3N sodium chloride solution was 
placed. The specimens thus prepared were put into a thermostat 
with an atmosphere saturated with steam, and the temperature was 
then gradually raised in steps. Six materials and five temperatures 
were used. The percentage of squares corroding was determined at 
‘each of these temperatures. Then the percentage number of squares 
showing attack at the different temperatures were totalled, giving a 
sum a. Fig. 8 shows the relation between a and the break-through 


1 Proceedings of the Royal Society, 1934, A., vol. 146, p. 164. 
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potential. As will be seen, the two methods give the same sequence 
for the materials under test. 

The normal variation in these tests is to be seen from the dia- 
grams. It is, however, very different for different materials. If the 
material is homogeneous the variation will be small, but if there are 
any non-homogeneous spots the variation increases. Thus, it is not 
possible to obtain fixed values for certain materials. 
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Fic. 9.—Relation between the Break-Through Potential and the Content of 
Chromium in Pure Chromium Steels, The values for pure iron have been 
obtained in such a way that each of the surfaces A and B, Fig. 3, was 
connected to a zinc electrode during the test. In this way a strong 
negative potential was applied to the system throughout the test, so 
preventing the corrosion of the iron, Treatment of surface, solution and 
temperature as shown in Table I. 


From the above it might perhaps appear that a material would 
be resistant to a certain solution as soon as the break-through 
potential lay above the single potential. This is not the case, how- 
ever. In practice a certain margin of safety is always required. 
This depends on the fact that weakened spots of the passivifying 
film occur in contact surfaces or the like, as stated above. The 
method is therefore to be used with caution, if it is being used to 
determine whether or not a material will in practice offer sufficient 
corrosion-resistance to a given solution. 

The greatest value of the method lies in the fact that it makes 
possible the determination of the relation of the corrosion-resistance 
of different materials and also possible changes in this resistance— 
for instance, due to annealing, welding and similat treatments, 
which can influence the properties of the material. 

Note.—It should be noted that the method described above only 
answers the question whether or not attack will occur. On the 
other hand, it is not possible in this way to obtain a certain indication 
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of the velocity at which the material will corrode, if corrosion takes 
place. 


BREAK-THROUGH POTENTIALS OF SOME VARIETIES OF STAINLESS 
STEEL. 


Normal values of the break-through potential of some stainless 
steels used in practice are shown in Table I. and Fig. 9. An unsuit- 
able method of alloying and unsuitable heat treatment can cause 
considerable deviations from the values given; the Table and the 
diagram thus apply only to steels correctly alloyed and treated. 


TABLE I.—Normal Values of the Break-Through Potential obtained 
with the Arrangement shown in Fig. 3. 


Material : Plate. 

Treatment of surface: Ground on Durexite (Metalite) grinding band No. 120. 
Pickling : HCl-FeCl,, then HNO, (sp. gr. 1:40) for 30 sec. 

Solution : 0-1N NaCl. 

Temperature : 25° C. 








l | 
Composition of Steel. Break-Through Potential | 
agian et —_ | (measured against Saturated 

Cr. % | Ni. % | Mo. % } Calomel Electrode). Volt. | 
| °. “foe | Nl. “7+ mo. fo | 

| 18 | 8 | 0 | 0-45-0-55 | 

18 8 | 1-5 0:55-0:65 

| 2t | 5 0 0-80-0-90 | 

| 5 | 1:5 O,-Cl, evolution 
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THE EFFECT OF PHOSPHORUS ON THE 

MECHANICAL AND CORROSION-RESISTING 

PROPERTIES OF LOW-CARBON AND OF 
LOW-ALLOY STRUCTURAL STEELS.! 


By J. A. JONES, M.Sc., F.Inst.P. (SHEFFIELD). 


SYNOPSIS. 


The relative properties of a variety of carbon and low-alloy 
structural steels of low and high phosphorus content are reviewed. 
The generally accepted opinion is confirmed that the carbon content 
must be kept low in high-phosphorus steels. The addition of phos- 
phorus alone will not give an adequate increase in tensile strength to 
meet the requirements of the British Standard Specification for 
high-tensile structural steel while still maintaining the other desirable 
properties. 

In the presence of other alloy elements, phosphorus acts generally 
as in plain carbon steels. The influence of manganese, copper, 
chromium, silicon, and molybdenum is discussed in this connection. 

In order to compensate for the low carbon in high-phosphorus 
steels, the alloy content must be higher than would otherwise be 
necessary. A highsilicon content is particularly effective in obtaining 
a tensile strength of over 35 tons per sq. in. 

For structural purposes calling for maximum tensile strength, 
high-phosphorus steel is not suitable, owing to its low notched-bar 
impact strength. A steel of normal phosphorus content is to be 
preferred, as this is free from the necessity to restrict the carbon con- 
tent and enables a tensile strength of 37 tons per sq. in. to be obtained 
without the disadvantages accompanying the use of high phosphorus 
contents. 

No evidence of increased corrosion-resistance due to high 
phosphorus content is found. Where such effects have been observed, 
they are accounted for by other alloying elements. 


INTRODUCTION. 


A veRY marked increase in the demand for high-tensile or high- 
yield-strength low-alloy structural steels has arisen during recent 
years. In addition to the strength requirement, increased resistance 
to atmospheric corrosion is frequently an important factor. To 
satisfy this demand, particularly in America, a large number of 
commercial low-alloy steels has appeared on the market during 
recent years. 

In the majority of cases, the cheaper alloy elements are being 
employed in various combinations. These consist mainly of copper, 
chromium, manganese, and silicon, whilst some of the more expensive 

1 Communication from the Central Research Department, The United 
Steel Companies, Ltd., Stocksbridge, near Sheffield, received February 2, 1937. 
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elements, nickel and molybdenum, have also been included. A 
comprehensive list of such low-alloy structural steels is given in a 
paper entitled “Trends in the metallurgy of low-alloy high-yield- 
strength structural steels,” by Gillett.1_ It is interesting to note that 
phosphorus appears as an alloying element in many commercial 
American steels. Typical qualities containing phosphorus from 
0-10 to 0-20% are “‘ Cor-Ten,” which, in addition, contains copper, 
chromium, and silicon, and “ Hi-Steel,’’ containing copper and 
nickel. High tensile strength, combined with good ductility, is 
claimed for these steels, together with resistance to atmospheric 
corrosion equivalent to twice that of ordinary copper-bearing steels. 
The workability and weldability are rated as satisfactory, whilst 
the steels show no air-hardening tendencies. The carbon content is 
specified as 0-10% maximum. 

A number of papers appeared during 1935 and 1936 in Metals and 
Alloys dealing with the influence of phosphorus on the properties 
of low-carbon steels. Gillett ? discussed very fully published work 
on phosphorus as an alloying element in steel and appended a very 
complete bibliography. Lorig and Krause * contributed a further 
series of articles on “ Phosphorus as an alloying element in low- 
carbon low-alloy steels.” These authors carried out a systematic 
study of the impact properties of alloy steels containing phosphorus 
and falling outside or just within the brittle ranges of composition. 
The investigation consisted of the determination of the critical 
content of phosphorus which induces notch-brittleness in low- and 
medium-carbon steels, and of the influence of nine different alloy 
elements on the impact resistance of steels which contained sufficient 
phosphorus to render them “ border-line ” cases from the point of 
view of notched-bar impact brittleness. 

Andrew and Swarup ‘ examined the influence of phosphorus on 
the mechanical properties of a large number of low-alloy steels. The 
results agreed generally with those of Lorig and Krause, and indi- 
cated particularly the beneficial effect of the addition of 0-2% of 
aluminium to structural alloy steels of high phosphorus content. 

Ristow and his co-workers * studied the effect of phosphorus on 
basic open-hearth plain carbon steels, and concluded that the 
mechanical properties are not influenced unfavourably by medium 
phosphorus contents. 

Experimental work dealing with the effect of phosphorus on the 
properties of low-carbon steels has been proceeding for a considerable 
time in the Central Research Department of The United Steel Com- 


1H. W. Gillett, Iron Age, 1936, vol. 137, Feb. 27, p. 42. 
2 Idem., Metals and Alloys, 1935, vol. 6, pp. 280, 507. 


3 C. H. Lorig and D. E. Krause, Metals and . Alloys, 1936, vol. 7, pp. 9, 


51, 69. 


4 J. H. Andrew and D. Swarup, /ron and Steel Institute, First Report of the 
227. 


Alloy Steels Research Committee, 1936, Section XII., p. 
5 A. Ristow, K. Daeves, and E. H. Schulz, Stahl und Eisen, 1936, vol. 56, 
pp. 889, 921. 
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panies, Ltd., and in view of the attention which this subject is receiv- 
ing at the moment in England and abroad, it was considered desirable 
to publish the results, including some which, although they serve 
only to confirm those of previous investigators, would thus be ren- 
dered available for reference and comparison with those on other 
steels made and tested under identical conditions. 


THE EFFECT OF PHOSPHORUS ON THE PROPERTIES OF LOW-CARBON 
STEELS. 


In the first instance, the effect of phosphorus on the properties 
of plain low-carbon steels was studied. 

A number of 18-lb. ingots was made in a 35-kVA. high-frequency 
furnace of the Ajax-Northrup spark-gap type. The carbon contents 
of the various series of steels were approximately 0-10, 0-17, and 
0:25%. The manganese content was approximately 0-3°%, whilst 
an additional series with approximately 0-5% of manganese was 
included for the steels containing 0-1% of carbon. The phosphorus 
contents varied from 0-04 to 0-5%. 

The actual analyses of the ingots are given in Table I. 


TABLE I.—Analyses of Spark-Gap Furnace Ingots. Carbon Steels. 




















(a) Carbon 0-10, Manganese 0:3% approx. 
SG No.: | 1597, | 1604. | 1605. | 1612. | 1613. 
; @ | @ | ® | @ } © 
Carbon. % . : | 0-09 0-09 0-09 | O10 | 0-10 
Manganese. % «| 0-26 0-23 | 0-32 0-27 0-34 
Silicon. % . | 0-16 O11 | O12 | O12 | O11 
Phosphorus. % | 0-040 0-11 | O19 | O36 | 0-49 
(b) Carbon 0-10, Manganese 0-5% approx. 
SG No.: | 1596, | 1603. } 1611, 1614, 
| o | @ | ® | @ 
Carbon. %.  . ; : 009 | 008 | 009 | 0-09 
Manganese. % . 3 ; | 0-47 | 0-44 | 0-56 | 0-56 
Silicon. % . ; : - | Ont | Se j O11 | 0-14 
Phosphorus. % | 0-036 | 0-22 | 0-34 0-41 
(c) Carbon 0-17, Manganese 0:3% approx. 
SGNo.:; 1598 | 1724. | 1606. | 1671. 1672. 
(10) (11) (12) | (13) | (14) 
Carbon. % . | O15 | O17 | 018 | ik ly a P| oy 
Manganese. % | 026 | O24 | O28 | O26 | 0-26 
Silicon. % . -| O12 | O18 0-15 | 0-18 | 0-16 
Phosphorus. % .| 0-040 | 0-11 0-18 0-32 | 0-40 
(d) Carbon 0-25, Manganese 0-3% approx. 
SGNo.: | 1599. | 1600. 1673. 1607. 
| qs) | (6) | 7) (18) 
| Carbon. %. ; ‘ : 0:25 | 0-23 | 0-24 0-26 
| Manganese. % . ; . | 0-29 0-27 | 028 | 0-30 
| Silicon. % . ‘ : - |, eae 0-12 | 0-13 0-14 
| 0-036 | O10 | O19 | 030 | 
I | 


Phosphorus. % | 
f | 
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The ingots were forged to §-in. dia. bars, and lengths were cut off 
for heat treatment, which consisted of (a) normalising, (b) annealing. 
Tensile and notched-bar impact tests were taken from the bars in the 
above two conditions, and the results are given in Table II. The 
yield points were determined by means of dividers. 

The results of the mechanical tests may be summarised as follows 
(the figures for the normalised samples have been plotted in Fig. 1) : 
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Fia. 1.—Effect of Phosphorus in Low-Carbon Steels. 


Phosphorus has a marked effect in raising the tensile strength of 
low-carbon steels, both in the normalised and in the annealed con- 
dition. The actual extent of the increase varies with the carbon 
content of the steel and the actual phosphorus content, but appears 
to be of the order of 3 tons per sq. in. for each increase of 0-1% of 
phosphorus. In these low-carbon steels the ductility, as measured 
by the percentage elongation and reduction of area, remains at a 
high figure even when the phosphorus is over 0:-4%. The position 
with regard to the notched-bar impact figures is, however, rather 
different. At a certain content of phosphorus, depending on the 
carbon content, a sudden drop in the notched-bar impact figures 
occurs in normalised sections. Poor impact figures are obtained in 
the annealed condition in all cases except the lower-carbon steels of 
low phosphorus content. 

It would appear that for sections normalised from the correct 
temperature and containing 0-10% of carbon, a phosphorus content 
of at least 0-2° may be allowed without serious loss of resistance to 
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TABLE IJ.—Mechanical Properties. Carbon Steels. 








Phos- | Max. Yield | Elonga-| Reduc- Izod Impact 
Steel SG Carbon horus Stress. Point. | tion on | tion of Figures. 
Z No 9 | P %, *| Tons per| Tons per} 2 in. nm ——T 
nei sq. in. sq. in. %. %. Ft.lb. Av’ge. 





Normalised 920° 0. 




























































































1 | 1597 0-09 0-040 26-5 19-8 42°5 756 90, 86, 99 92 
2 1604 0-09 0-11 29-0 22-4 39-0 70-0 92, 85, 100 92 
3 1605 0-09 0-19 31-8 24-0 36-5 68-0 72, 75, 90 79 
4 1612 0-10 0-36 35-6 28-0 35-0 66-0 26, 26, 24 25 
5 1613 0-10 0-49 37-9 30-0 33-0 61-6 8, 4% & 7 
Annealed 920° C. 
1 1597 0-09 0-040 25-0 17:8 44-0 73-6 61,61, 69 64 
2 1604 0-09 0-11 28-0 18-9 40-5 71-6 16,17, 14 16 
3 1605 0-09 0-19 31-0 23°6 37-0 70-0 10,11, 11 11 
4 1612 0-10 0-36 33-1 26-3 33°5 66-0 5, 5, 5 6 
5 1613 0-10 0-49 36-8 28-4 | 31-0 59-2 4, 56, 4 4 
Series (b). Carbon 0-10, Manganese 05%. 
Normalised 920° C. 
6 1596 0-09 0-036 27-6 21:8 39-5 73-6 | 99,99, 96 98 
Z 1603 0-08 0-22 33-4 26-0 37-0 70-0 | 77,76, 90 81 
8 1611 0-09 0-34 37-0 28-8 84-5 63-6 26, 6, 14 15 
9 1614 0-09 0-41 38-0 29-1 34-0 63-6 | & °%. -8 7 
Normalised 970° C. 
6 1596 | 0-09 | 0-036 26-8 19-7 | 38-0 | 71-0 | 90, 80, 95 88 
7 | 1603 0-08 0-22 32-8 | 25-7 36-0 63-6 29, 29, 31 | 30 
Annealed 920° C. 
6 1596 0-09 0-036 25-6 18-1 42-5 736 89, 84, 90 | 88 
7 1603 0-08 0-22 31-2 24-4 40-5 68-0 30,11, 11; 18 
8 1611 0-09 0-34 33-8 27-9 36-0 66-0 , & & 5 
9 1614 0-09 0-41 36-3 29-0 33-5 61-6 5, 5, 5 5 
Series (c). Carbon 0-17, Manganese 0:3%. 
Normalised 900° C. 
10 1598 0-15 0-040 29-2 21-9 38-0 70-0 88, 93, 92 91 
ll 1724 0-17 0-11 32-4 23-6 33-5 63-6 49, 53, 49 50 
12 1606 0-18 0-18 35-4 28-6 33-0 59-2 25,24, 29 26 
13 1671 0-17 0-32 38-6 31-0 82-0 59-2 8,18, 15 | 14 
14 1672 0-17 0-40 408 | 328 | 31-0 692 | 8 8 5 | 7 
Annealed 900° C. 
10 1598 0-15 0-040 25-8 18- 39-5 68-0 46,43, 49 46 
11 1724 0-17 | 0-11 29-6 19-9 35-0 61-6 ee a 6 
12 1606 0-18 0- 32-8 23-6 33-5 69-2 5, 5, 5 5 
13 1671 0-17 | 0°32 35-0 25-0 30°5 592 | 4, 5, 6 5 
14 1672 0-17 0- 36-2 | 268 30-0 69-2 | 4, 5, 5 5 
Series (d). Carbon 0-25, Manganese 0°3%,. 
Normalised 880° C, 
15 1599 0-25 0-036 33-3 24-6 35-0 63-6 56, 63, 70 63 
16 | 1600 0-23 0-10 35-7 25-1 33-5 59-2 | 35, 38, 42 | 38 
17 | 1673 0-24 0-19 38-6 26-8 32-0 59-2 20,21, 23 | 2 
18 1607 0-26 0-30 42-0 30-7 31-0 54: 6, 9 11 9 
Annealed 880° C. | 
15 1599 | 0-25 0-036 29-4 20-6 325 54-8 12, 13, 13 13 | 
16 1600 0-23 0-10 32-0 21-8 32-0 54-8 a ee 7 
17 1673 0-24 0-19 34-9 23-6 31-0 524 | 5, 5, 5 5 | 
18 1607 0-26 0-30 | 39-0 27°8 27-5 49-6 4, 5, 5 5 | 











fracture under impact. Raising the manganese content from 0-3 to 
0-5% has no material effect on the figure for this limiting content of 
phosphorus. Raising the normalising temperature by 50° C. causes 
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a marked drop in the impact figures of the low-carbon steel contain- 
ing 0-2% of phosphorus, whilst the impact figures of the steel of 
similar carbon content but low in phosphorus remain high after 
such treatment. Raising the carbon content from 0-10 to 0-:17% 
lowers the phosphorus content allowable, when it is desired to retain 
a high impact figure, from 0-20% to about 0-10%, whilst if the carbon 
content is raised further to 0-25%, then the figure for the allowable 
phosphorus is lowered to about 0-07%. 

These results confirm the statement that the carbon must be kept 
low in high-phosphorus steels. High finishing temperatures of 
rolling must also be avoided. It is often stated that for certain 
services a high notched-bar impact figure is not a necessary require- 
ment. In the present case, however, when the phosphorus exceeds a 
critical percentage, the values for the notched-bar impact figures are 
so low that the steels cannot be considered satisfactory. 

The results also indicate that these low-carbon high-phosphorus 
steels giving satisfactory notched-bar impact figures will not possess 
a tensile strength of over 34 tons per sq. in. Steels of high phos- 
phorus content are known to be particularly susceptible to strain- 
age-embrittlement and to brittleness at sub-normal temperatures. 
These tendencies can be reduced considerably by control of the manu- 
facture to produce a steel of inherent fine grain, but nevertheless, 
from the point of view of mechanical properties, there appears to be 
little to commend these plain carbon steels of high phosphorus 
content for structural purposes. 

Corrosion Tests. 

In order to form an estimate of the effect of the phosphorus 
content on the resistance of low-carbon steels to atmospheric and 
marine corrosion, laboratory tests in five media were carried out on 
one selected series of four steels (series (b), carbon 0-10, manganese 
0-5%). All the tests were carried out on polished cylinders, 1 in. 


TABLE III.—Corrosion Tests. 











Steel : SG1596. SG1603. S@1611. SG1614, 
Phosphorus : 0-036%,. 0-22%,. 0-34%. 0-41%. 
Test. Remarks. | Loss.* | Remarks. | Loss.* | Remarks. | Loss.* | Remarks. | Loss.* 





Laboratory )(1)| General |0-0137| General 10-0131 | General |0-0125| General | 0-0123 
roof at corrosion. corrosion. | corrosion. corrosion. | 














6° C. (2) ra 0-0138 * 0-0132 * 0-0125 ” | 0-0127 
Total immersion os 0-0043 9 0-0041 99 0-0039 °° 0-0041 
in sea-water. 
Sea-water, alter- | General | 0-0069{ General | 0-0075 | General | 0-0080| General | 0-0087 
nately wet and | corrosion. corrosion. corrosion. corrosion. 
dry. Pitted Pitted Pitted P Pitted 
on base. on base. on base. on base. 
Sea spray. a 0-0032 mn 0-0030 ne 0-0028 od 0-0026 
5% ammonium; General | 0-0133| General | 0-0143 | General | 0-0116| General | 0-0121 
chloride, corrosion. corrosion. corrosion. corrosion. | 


























* The weight loss is expressed in g. per sq. cm. of surface area. 
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long and } in. in dia., cut from bars in the normalised condition. 
The period of test was 28 days, and the temperature 18° C. unless 
otherwise stated. The results are given in Table ITT. 

It will be noted that the duplicate tests exposed to atmospheric 
corrosion agreed exceedingly closely. In the exposure tests, to- 
gether with the sea-spray tests, there is a slight progressive improve- 
ment in resistance with an increase in phosphorus content. In the 
sea-water test (alternately wet and dry) the resistance to corrosion 
decreases with increasing phosphorus content, whilst in the total 
immersion sea-water tests, the four steels show approximately equal 
losses in weight. 

Generally, these laboratory tests indicate that for resistance to 
atmospheric corrosion the higher-phosphorus steels are somewhat 
superior to the low-phosphorus steels, but in marine conditions the 
superiority, if any, is very slight. 


EFFECT OF PHOSPHORUS IN COMBINATION WITH OTHER ALLOY 
ELEMENTS ON THE PROPERTIES OF LOw-CARBON STEELS. 


In view of the marked influence of phosphorus in raising the ten- 
sile strength of low-carbon steels and the claims made with regard to 
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Fie. 2.—Effect of Phosphorus in 0-4% Copper Steels. 
phosphorus in the presence of other alloy elements that it results in 


an improved high-tensile structural weather-resisting steel, the in- 
vestigation was extended to the examination of the effect of phos- 
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TaBLE IV.—Analyses of Spark-Gap Furnace Ingots. 


Carbon. % 
Manganese. 

Silicon. % 
Copper. % 
Phosphorus. 


Carbon. % 
Manganese. 

Silicon. % 
Copper. % 
Phosphorus. 


Carbon. % 
Manganese. 

Silicon. % 
Copper. % 
Phosphorus. 


Carbon. % 
Manganese. 
Silicon. % 
Copper. % 
Phosphorus. 


Carbon. % 
Manganese. 
Silicon. % 
Phosphorus. 
Copper. % 











phorus in the presence of other alloy elements. 
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Bearing Steels. 





Steels containing 0-4% of Copper. 
(e) Carbon 0-10, Manganese 0-30%. 





SG No.: 1726. 1732. 
(19) (20) 
: , ; 0-08 0-08 
ae E ‘ | 0-26 0-26 
é 0-12 0-12 
| 0-42 0-41 
% 0-028 0-19 
(f) Carbon 0-10, Manganese 0-50%. 
SG No.: 1780. 
23) 
0-09 
ae 0-50 
0-10 
‘ 0-45 
% 0-032 
(g) Carbon 0-15, Manganese 0-30%. 
SG No.: 1727. 
(26) 
0-16 
% 0-27 
} 0-14 
| 0-40 
% | 0-032 
(h) Carbon 0-25, Manganese 0-30%. 
SG No.: | 1734. 
(29) 
- 0-27 
% . | 0-28 
; | 0-13 
m 0-42 
% 0-030 
Steels containing 1-0% of Copper. 
(j) Carbon 0-10, Manganese 0-30%. 
8G No.: 2177. 2178. 
(32) (33) 
0-08 0-08 
% 0-28 0-25 
; é 5 0-12 0-11 
» ‘ s 0-036 0-21 
; 0-96 


1-02 














1735. 
(21) 
0-11 
0-24 
0-13 
0-41 
0-29 


1731. 
24) 
0-09 
0-43 
0-12 
0-41 
0-20 


1728, 
27) 
0-16 
0:26 
0-13 
0-37 
0-11 


1733. 
(30) 
0-25 
0-30 
0-14 
0-40 
0-11 








Copper- 


1730. 
(31) 
0:27 
0-27 
0-13 
0-42 
0-20 


2180. 
(35) 
0-07 
0-26 
0-11 
0-37 
1-02 





The alloy elements, 


which included copper, chromium, silicon, and molybdenum, were 
dealt with separately in the first instance. 
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TABLE V.—Mechanical Properties. Copper-Bearing Steels. 


Izod Impact 


| Max. | Yield | Elonga-| Reduc- 


| 


| . Phos- | ; * 

SG Carbon. Stress. Point. | tion on | tion of Figures. | 

Steel. No. %. phorus. Tons per| Tons per| 2 in. Area, |_—————, | 
“ | sq. in. sq. in. %. %. Ft. lb. Av’ge. 








| 
| ' 1 | | } I 


Steels containing 0-4%, of Copper. 


Series (e). Carbon 0-10, Manganese 0-30%. 
Normalised 920° O, 





19 | 1726 0-08 | 0-028 27-1 21-0 37-5 71-6 | 91, 99, 99 96 
20 1732 0-08 0-19 32-6 25:8 35-5 66-0 68, 75, 73 72 
21 | 1735 0-10 | 0-29 35-2 28:8 35-5 66-0 30, 30, 20 27 
22 1736 0-08 0-35 35-9 29-0 32-5 63-6 9, 9, 10 
Annealed 920° C, 

19 1726 | 0-08 } 0-028 24-7 18-0 40-0 73-6 | 71, 75, 69 72 
20 1732 0-08 0-19 31-1 24:3 37-0 | 66-0 | 9, 11,10 | 10 
21 | 1735 0-10 | 0-29 32-7 26-2 86-5 66-0 | ‘4&4 6 6 
22 | 1736 0-08 0-35 33-7 26-2 36-0 | 63-6 6, 6, 5 6 








Series (f). Carbon 0-10, Manganese 0:50%,. 
Normalised 920° C, 











23 | 1780 0-09 | 0-032 28-0 20-7 39-0 |; 71-6 95, 95, 92 94 
24 1731 | 0-09 0-20 | 33-5 | 27-1 | 355 | 66-0 | 64, 78,85 | 76 
25 | 1737 0-07 | 0-25 35-6 29-0 34-5 | 66-0 17, 13, 35 22 
Annealed 920° CO, 
23 1780 0-09 | 0-032 26-2 ) 187 | 37-5 68-0 78, 70,79 | 76 
24 1731 | 0-09 | 0-20 | 320 | 252 | 345 | 66-0 | 8, 9,10 | y 
25 1737 0-07 | 0-25 | 342 | 288 | 340 63-6 6, 6, 7 6 
Series (g). Carbon 0-15, Manganese 0-30%. 
Normalised 900° C. 
26 1727 | 0-16 | 0-032 | 296 | 22-0 35:0 | 66:0 | 94,96,95 | 95 
27 | 1728 | O16 | 0-11 | 38:7 | 245 | 34-0 | 61-6 | 50, 61,56 | 56 
28 1729 0-16 | 0-20 | 363 | 26-5 32-5 | 69-2 30, 30,25 | 28 
Annealed 900° CO. 
26 1727 0-16 0-032 27-4 | 20-0 35-5 | 61-6 34, 39,35 | 36 
27 | 1728 0-16 | 0-11 | 30°38 | 22:0 | 34-0 61-6 | 10,10,11 | 10 
28 1729 0-16 0-20 33-0 | 22-4 | 320 59-2 , & 64 5 
Series (bh). Carbon 0-25, Manganese 0-30%. 
Normalised 880° C. 
29 1734 | 0-27 0-030 34-0 | 23-7 32-0 59-2 60, 61, 64 62 
30 | 1733 | 0-25 | 0-11 | 36-9 28-0 | 31-0 | 57-2 | 39, 40, 42 40 
31 1730 | 0-27 | 0-20 | 392 | 30-3 29-0 54-8 14, 14, 12 13 
Annealed 880° C. 
29 1734 | 0-27 0-030 2999 |; 20-0 31-5 57-2 ] 21, 22, 15 | 19 
30 | 1733 | 0-25 | 0-11 | 33-6 23-3 | 31-5 | 52-4 | 9, 9, 8 9 
31 1730 0-27 0-20 35-4 | 25-1 30-5 | 52-4 5 8 4 5 | 
Steels containing 10% of Copper. 
Series (j). Carbon 0-10, Manganese 0-30%. 
Normalised 920° C. 
32 2177 0-08 0-036 29-9 22-8 38-5 | 68-0 90, 90, 93 | 91 
33 2178 0-08 | 0-21 84:5 29:0 33-5 | 66-0 52, 53,51 | 62 
34 2179 0-07 0:33 36-9 32-0 33-5 | 59-2 25,10, 9 | 15 
35 | 2180 0-07 | 0:37 37-6 30-0 34-0 | 61-6 9, 8,14 10 | 
Annealed 920° 0, | 
32 2177 0-08 0-036 33-0 27:8 285 | 63-6 11, 10, 10 10 
33 2178 0-08 0-21 39-0 32-3 26-5 61-6 5, 5, 5 5 
34 2179 0-07 0-33 40-6 33-6 28-5 59-2 5, 5, 5 5 
35 2180 0-07 0-37 41-7 34-6 29-0 59-2 5, 5, 5 5 | 
| 
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The experimental steels were made in precisely the same manner 
as the plain carbon steels of various phosphorus contents and were 


r 


forged to 3-in. dia. bars. 


EXPERIMENTAL STEELS CONTAINING A SINGLE ALLOY ADDITION. 


Copper-Bearing Steels. 


The carbon contents of the steels covered the approximate range 
of 0-10 to 0-:25%, whilst the copper content was kept constant at 
approximately 0:-40%. The range of phosphorus content varied 
with the carbon content, but, for the whole series of steels, covered 
the range 0-03 to 035%. The analyses of the steels are given in 
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Fic. 3.—Effect of Phosphorus in 1-094 Chromium Steels and in 
0-5% Silicon Steel. 


Table IV. and the results of mechanical tests in Table V._ The test 
figures obtained for the normalised sections have been plotted in 
Fig. 2. 

In addition to the steels containing 0-4% of copper, one series of 
steels was made containing 1 % of copper, the carbon being kept con- 
stant at approximately 0-07%. The analyses of these steels are 
included in Table IV. and the results of the mechanical tests in 


Table V, 
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Chromium-Bearing Steels. 


The carbon contents of the steels again covered the approximate 
range of 0-10 to 0:25%, whilst the chromium content remained con- 
stant at approximately 10%. The range of phosphorus contents 
varied with the carbon content, but, for the whole series, covered 
the range 0-03 to 0-40%. 

The actual analyses of the ingots forming this series of steels are 
given in Table VI., and the mechanical properties of normalised and 
annealed sections from the 3-in. dia. bars are recorded in Table VII. 


The figures for the normalised sections have been plotted in Fig. 3. 


TABLE VI.—Analyses of Spark-Gap Furnace Ingots. Chromium- 
Bearing Steels. 





| Steels containing 1:0% of Chromium. 








(k) Carbon 0-10, Manganese 0-30%. 
SG No.: | 1748. | 1749. | 1750. | 1751. 
} (36) | (37) (38) | (39) 
Carbon. %, ; * -}| 009 | 009 | O11 | 0-10 
Manganese. % . ‘ ; 0-21 | 0-20 0-22 0-22 
Silicon. % ; , ; O11 | O12 | O12 | O12 
Chromium. % . ‘ ; 103 | 1-00 100 | 1-01 
Phosphorus. % . ‘ - {| 0:029 | 0-20 0-31 0-39 
(1) Carbon 0-15, Manganese 0-30%. 
SGNo.:; 1742. | 1743. 1357. 1752. 
40) | @) | = G2) (43) 
Carbon. % , ‘ : 0-18 0-17 | 0-16 0:16 
Manganese. % . : : 0-23 0:23 | 0-29 | 0-20 
Silicon. % : . g 0-13 | O12 0-11 | 0-12 
Chromium. % . ‘ ; 101 | 1:00 | 090 | 1-00 
Phosphorus. % . ; js 0:031 | O10 | O15 | O21 
(m) Carbon 0-25, Manganese 0:30%. 
SGNo.:; 1854. , 1855. | 1856, 
(44) (45) (46) 
| Carbon. % ‘ ; : : ~| O22 | 0-24 0-25 
| Manganese. % . ‘ : . : 0-28 0-30 | = 0-31 
| Silicon. % - ? ; P ~ |. OH 0-12 | O11 
| Chromium. % . : ‘ , . | 0-94 0-98 0-94 
»/ 0-029 0-09 0-15 


| Phosphorus. % : : F i | 


Impact Tests at 0° C.—Steels Nos. 36, 37, 38, 40 and 41, in the 
normalised condition, were selected as suitable for the purpose of 
examining the effect of lowering the testing temperature to approxi- 
mately 0° C. on the notched-bar impact figures of chromium steels 
containing various contents of phosphorus. The results recorded 
in Table VIII. were obtained. 
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TaBLE VII.—Mechanical Properties. Chromium-Bearing 





Steels. 
eas Max. Yield | Elonga-| Reduc- Izod Impact 
Steel SG |Carbon.| (por55, | Stress. | Point. | tion on | tion of Figures. 
“| No. %- PAOTUS. | Tons per | Tons per| 2 in. Area, |_—————___—_—__- 
il 8q. in. 8q. in, %- %. Ft. lb. Av’ge 








‘ ' ' ’ ' ' 


Steels containing 1-0% of Chromium, 
Noemie $00°0. Series (k). Carbon 0-10 Manganese 0-30%. 














36 1748 0-09 | 0-029 27-2 21-0 42-0 78:8 95,97, 99 97 
37 1749 0-09 0-20 33-0 25-6 38-5 716 98, 99, 100 99 
38 1750 0-11 | 0-31 35-7 28-2 36-0 68-0 69, 54, 60 61 
39 1751 0-10 0-39 38-2 28-9 34-0 68-0 40,40, 35 38 
Annealed 920° 0. 

36 1748 0-09 0-029 265 =; 171 42-5 75-6 92, 93, 95 93 
37 1749 0-09 0-20 31:8 23-7 39-0 66-0 70, 75, 77 74 
38 1750 0-11 0-31 34-0 25-6 37-5 63-6 30,27, 32 3 

39 1751 0-10 0-39 36-8 29-2 37-5 63-6 a 10 











- mnt eure Series (1). Carbon 0-15, Manganese 0-30%,. 
ormalis: . 






































40 1742 0-18 0-031 32-4 24-3 38-0 71-6 93,94, 95 94 
41 1743 0-17 0-10 34:3 25:2 37-0 70-0 93,99, 95 96 
42 1857 0-16 0-15 35-8 26-2 35-0 68-0 39, 46, 46 44 
43 1752 0-16 0-21 37-6 27-4 33-5 66-0 | 43,27, 32 34 
Normalised 950° CO. 
40 | 1742 0-18 | 0-031 31-7 24-0 38-0 70-0 | 86, 92, 91 | 90 
41 1743 0-17 0-10 33-5 | 22-2 | 35°5 | 68-0 60, 60, 58 59 
Annealed 900° C. 
40 1742 0-18 0-031 30-0 18-1 36-0 63-6 88, 80, 90 86 
41 1743 0-17 0-10 31-3 20-4 | 35-0 616 54, 55, 52 54 
42 1857 0-16 0-15 33-4 22-0 33-0 57-2 20, 23, 24 22 
43 1752 0-16 0-21 35-7 23-0 | 81-5 67-2 7,24, 22 18 
. Series (m). Carbon 0°25, Manganese 0°30%. 
Normalised 880° C. 
44 ) 1854 ; 0-22) 0-029 35-3 25-9 | 33-5 66-0 | 72,78, 72 | 74 
45 | 1855 0-24 | 0-09 | 38-6 | 27-9 33-0 | 63-6 | 32, 31, 25 29 
46 1856 0-25 0-15 41-0 28-2 29-5 61-6 19, 26, 20 20 
. Annealed 880° C. 
44.) 1854 0-22 | 0-029 32-0 22-2 34-0 69-2 | 42,55, 48) 48 
45 1855 0-24 0-09 35-6 23-2 29-5 52-4 13, 16, 15 15 
46 1856 0-25 0-15 37-5 23-8 27-0 52-4 7, 6, 7 7 

















TasLE VIII.—IJmpact Tests at —2° C. Chromium-Bearing Steels. 


Izod Notched-Bar Impact Figures. 





' . ‘ l 
3 Cesbon. Phos- Tested at Room Temp. Tested at — 2° 0. 


Shani. No. %. phorus. %. 








| 
Ft.lb. Av'ge Ft.lb. Av’ge. 


| 








37 1749 0-09 0-20 98, 99, 100 99 71, 72, 81 74 
38 1750 0-11 0-31 69, 54, 60 61 60, 36, 27 41 
40 1742 0-18 0-031 93, 94, 95 94 80, 73, 79 77 

96 49, 54, 44 49 

















bald 
36 1748 0-09 0-029 | 95,97, 99 97 | 87, 90, 84 87 


41 1743 0-17 0-10 93,99, 95 
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Lowering the testing temperature reduces the notched-bar 
impact figures of steels of high phosphorus content much more 
markedly than those of steels of normal phosphorus content. 


Steels with 0-5% of Silicon. 
The carbon contents of the four steels in this series were kept just 
below 0-:10%, whilst the phosphorus content ranged from 0-03 to 





0:34%. The analyses of the ingots are given in Table IX. and the 
TABLE IX.—Analyses of Spark-Gap Furnace Ingots. Steels 
containing 0-5% of Silicon. 

PERL SOS Races Sd RAE ha 8 Hoe 8 
(n) Carbon 0-10, Manganese 0-30%. 

S@No.:} 1741. 1740. 1739, | 1738, 

(47) | (48) (49) (50) 
Carbon. % 0-07 | 0-08 0-08 0-08 | 
Manganese. % . | 0-28 0-25 0-28 0-24 | 
Silicon. %. . | 0-53 0-56 0-55 0-57 
Phosphorus. % =| 0-032 | 0-19 | 0-28 0-34 | 








TABLE X.—Mechanical Properties. 


Steels Containing 0:5% of 






































Silicon. 
] 
| wie Max. | Yield | Elonga- | Reduc- Izod Impact 
| Steel SG Carbon. shorus Stress. Point. | tion on | tion of igures. 
*| Bo. %. phorus. | rons per| Tons per} 2 in. Area. [-——— -| 
4+ | 8q.in. | sq. in. %, %, | Ft.lb. Av'ge. 
' ' ' , ' ' 
Series (n). Carbon 0-10, Manganese 0-30%. | 
Normalised 920° 0. 
47 1741 0-07 0-032 ; 296 | 22-4 40-0 71-6 97, 98, 100 98 | 
48 1740 0-08 | 0-19 | 350 | 281 34-5 | 66-0 | 66,46, 69 | 60 | 
49 1739 0-08 0-28 370 | 30-4 33-0 63-6 $7,138, 7 19 
50 1738 0-08 0-34 38-2 | 306 310 | 59-2 6 & 7 7 | 
Annealed 920° C, | 
47 1741 } 0-07 | 0-032 27-2 | 199 38-0 71-6 92, 92, 92 92 | 
48 1740 0-08 | 0-19 32:8 26-2 35-0 63-6 32,20, 26 26 
49 1739 00s | 0-28 | 336 | 2541 | 35-0 61-6 6 6 | 6 | 
50 1738 0-08 | 0-34 36-0 | 28-0 | 32-5 59-2 S& & 5 | 
| 1 i 











mechanical properties of normalised and annealed sections from the 
$.in. dia. bars in Table X. The figures obtained for the normalised 
sections are shown on the curves in Fig. 3. 


Molybdenum-Bearing Steels. 


Two series of steels containing 0-2°% of molybdenum, with carbon 
0:10% and 0-20%, respectively, together with a series containing 
0-4% of molybdenum with carbon 0-:10%, were examined. The 
lower-carbon series contained various phosphorus contents of from 
0-03 to 0:37%, whilst in the series of higher-carbon steels the phos- 
phorus contents covered the range 0-03 to 0-20%,. 
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The analyses of the steels are given in Table XI. and the results of 
mechanical tests on $-in. dia. bars after normalising and after anneal- 


TaBLE XI.—Analyses of Spark-Gap Furnace Ingots. Molybdenum- 
Bearing Steels. 


————E—eEEeEEe ae ee j 


Steels containing 0-2% of Molybdenum. 








(0) Carbon 0-10, Manganese 0-30%. 
S@No : | 1769. 1770.) «W774. ) 1776. 
(51) (52) (53) | (54) 
Carbon. % paige Ne 009 | o10 | onl | 
Manganese. % . ‘ | | 0-22 0-30 0-28 
Silicon. % . : ‘ : 0. i 0-10 0-13 | 0-14 
Molybdenum. % : . | 0-18 0-19 0-19 0-20 
Phosphorus. % . : - | 0029 | 0-20 | 0-28 | “36 
(p) Carbon 0-20, Manganese 0-30%. | 
SGNo.: ; 1771. | 1772. | 1773. ‘| 
(55) | (56) | (57) 
Carbon. % ee , : : , 0:20 | 0-20 | O19 | 
— ee ; : ; | a t mh 
ilicon. 9 . : : : po . . ; 
Molybdenum. % | =.» «. «. «| O18 | 090 | 02 | 
Phosphorus. % ; ‘ ‘ ; 0-031 | O12 | 0-19 
Steels containing 0:4% of Molybdenum. | 
(q) Carbon 0-10, Manganese 0-30%. 
SG No.: | 1775. | 1777. | 1778. t 1779. | 
| (8) | (59) } (0) | (1) 
Carbon. % .  . «| 009 | 009 | 009 | 0-09 
| Manganese. % . | 0-27 | 0-28 | 0-28 | 0-26 
| Silicon, % . 2. ‘ ‘ole Orde, |, Olt 0-12 | 0-12 
| Molybdenum. % ; .| O41 | 0-42 | 039 | 0-40 
| Phosphorus. % . 0-029 022° | O32 | 0-37 
| | 


ing in Table XII. ; the figures obtained for the normalised sections are 


shown in Fig. 4 
It is evident from the results of the mechanical tests that chro- 
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Fic. 4.—Effect of Phosphorus in 0-2 and 0-4% Molybdenum Steels. 
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mium is the only alloy element among those examined which has a 
material effect in reducing the brittleness induced by a high phos- 
phorus content. In the presence of the other alloy elements, 
phosphorus acts in precisely the same manner as in plain carbon 
steels, the content at which brittleness appears, as judged by a 
marked drop in the notched-bar impact figures, being practically 
identical with that found in the carbon steels. 


TABLE XII.—Mechanical Properties. Molybdenum-Bearing Steels. 














Phge Max. | Yield Elonga- | Reduc- | Izod Impact 
Steel.| .S@ | Carbon. | phorus Stress. | Point. | tion on | tion of | Figures. 
roo eet) ae %. o, | Llonsper| Tons per; 2 in. | = _ 
| Lat sq. in. sq. in, , ae oe | Ft. lb. | Av’ge. 
—— J ‘ ' ' i SS 


Steels containing 0:2% of Molybdenum. ' 
Series (0). Carbon 0:10, Manganese 0-30%. 
Normalised 920° C. 








51 1769 ; 0-09 0-029 ; 26:2 | 19-4 44-5 | 736 94, 88,100; 94 
52 1770 0-09 0-20 82-3. | 23-7 38-0 | 66-0 | 88,78, 74 83 
53 1774 0-10 0-28 35-6 | 27-1 37-0 | 63-6 31, 32, 38 34 
54 1776 0-11 0-3 37-6 29-2 36-0 | 63-6 i: 9) 3 
Annealed 920° C. 

51 | 1769 , 0-09 0-029 24-3 17-6 41-5 736 | 60,49, 49 49 | 
62 | 1770 | 0-09 | 0-20 30-8 23-8 35-0 66-0 | 25,22, 22 23 
53 | 1774 | 0-10 | 0-28 | 32-5 23-5 33-0 “ase & & 7 
54 | 1776 0-11 | 0-36 | 340 25-4 33-0 636 | 6, 6, 4 








: Series (p). Carbon 0-20, Manganese 0-30%,. 
Normalised 900° C. 











55 | 1771 | 0-20 ) 0-031 ) 31-1 20-4 |) 350 63-6 63, 62, 65) 63 
56 | 1772 | 0-20 | 0-12 34-4 | 25-2 33-0 | 61-6 | 36,43, 37 | 40 
57 | 1773 | 0-19 | O19 | 37-1 27:3 32:0 | 592 | 22,30, 26; 26 
Annealed 900° C. 
55 | 1771 ; 0-20 | 0-031 ; 27:3 ) 17:0 36-0 | 63-6 , 21,20, 20] 20 
56 | 1772 0-20 | 0-12 | 30:2 | 198 | 31-0 | 67-2 | 11,10, 10 10 | 
57 1773 | 0-19 | 0-19 | 334 | 22-4 30-0 548 | 8 8 8 8 
| 
Steels containing 0-4% of Molybdenum. | 
Series (q). Carbon 0-10, Manganese 0-30%. 
Normalised 920° C. 
58 1775 0-09 ; 0-029 ; 26-9 19-6 40-0 756 | 100,97,192, 100 | 
59 1777 0-09 0:22 | 338 | 25:8 34-5 68-0 | 80,80, 84] 81 | 
60 1778 0-09 0-31 | 37-2 29-6 34-0 63-6 | 26,49, 30 35 
61 1779 0-09 | 03 38-6 | 306 34-0 oe 1° 6 6 6] 6 
Annealed 920° C, | 
58 1775 0-09 0-029 25:7 18-9 38-0 | 68:0 | 38,42, 41 10 | 
59 1777 0-09 0-22 31°2 } 248 35-5 } 66-0 8, 8, 10 ) 
60 1778 0-09 | 0-31 34-0 25-5 35°5 | 63-6 a 6 | 
61 1779 0-09 | 0-37 35-7 | 28-0 31-0 } 63-6 | 6, 5, 5 5 
I : Ee ! - — 











The extent of the increase in tensile strength due to phosphorus 
is practically the same in the presence of other alloy elements as that 
found in plain carbon steels, whilst the ductility, as measured by the 
percentage elongation and reduction of area, remains satisfactory 
even when the phosphorus content is very high. 

In order to obtain a clearer conception of the relative effects of the 
various alloy elements, the results obtained on a selection of steels of 
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TaBLE XIII.—Mechanical Properties of Steel Containing 0-1% of 



































Phosphorus. 
ba i Average 
. ” Max. Yield | Elonga-| Reduc- * 
_ Car- | Phos- All : : , : Izod 
Steal.| $0, | bon. | phorus.| Blement. |e cooat “as | ‘area! | Zmpact 
Zo 7o* to sq.in. | sq.in. | %. % =| Reb. | 
i 1 i} 
Carbon 0:15, Manganese 0:3%. 
Normalised Sections. 
11 | 1724) 0-17 | 0-11 Nil | 32-4 | 23-6 | 33-5 | 63-6 50 
27 | 1728 | 0-16 | 0-13 | Cu, 0-37 | 33:7 | 24:5 | 34:0 | 61-6 56 
41 | 1743 0-17 | 0-10 | Cr, 1:00 | 343 | 25-2 | 37-0 | 70-0 96 
56 1772 | 0-20 | 0-12 | Mo, 0:20 | 34-4 | 25-2 | 33-0 | 61-6 40 
Annealed Sections. 
1l | 1724 | 0-17 | 0-11 Nil | 29-6 | 19-9 | 35-0 | 61-6 6 
27 1728 | 0-16 | 0-13 | Cu, 0:37 | 30-8 | 22-0 | 34-0 | 61-6 10 | 
41 | 1743 | 0-17 | 0-10 | Cr, 1-00 | 31-3 | 20-4 | 35-0 | 61-6 54 
56 | 1772 | 0-20 | 0-12 | Mo, 0:20 | 30-2 19-8 | 31-0 57-2 | 10 
| 

















Tans per sq.in~%—Ft. lb 























| | Yield Point Z 

O4% 10% ; OP% O4% 
Wie ia FF me 
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Fic. 5.—Comparison of the Effect of Various Alloy Elements on the 
Mechanical Properties of Steels of High Phosphorus Content (normalised 
sections). 
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fixed phosphorus content have been collected in Tables XIII. to 
XV., and the figures for the normalised sections are plotted in 


Fig. 5 


TaBLE XIV.—Mechanical Properties of Steel Containing 0:2% of 
Phosphorus. 


Max. Yield | Elonga-| Reduc- | Average} 








Car- | Phos- All Izod 
Steel.| $6, | bon. |phorus.| lement. |jretelatorrer “Sia.” | ‘Area, | Lmpact 
%o- : 7 aq.in. | oq.im | % | % | Eoin” 

* 

' i] ' ' ' ' , ' | 
Normalised Sections. 
Carbon 0:10, Manganese 0:30%. 

3 | 1605 | 0-09 | 0-19 Nil 31-8 | 24:0 | 36-5 | 68-0 79 
20 | 1732 | 0-08 | 0-19 | Cu, 0-41 | 32-6 | 25-8 | 35-5 | 66-0 72 
33 | 2178 | 0-08 | 0-21 | Cu, 0-96 | 34:5 | 29-0 | 33-5 | 66-0 52 
37 | 1749 | 0-09 | 0-20 | Cr, 1:00 | 33-0 | 25-6 | 38-5 | 71-6 99 
48 | 1740 | 0-08 | 0-19 | Si, 0-56 | 35-0 | 28-1 | 34-5 | 66-0 60 
52 | 1770 | 0-09 | 0-20 | Mo, 0-19 | 32-3 | 23-7 | 38-0 | 66-0 83 
59 | 1777 | 0-09 | 0-22 | Mo, 0-42 | 33-8 | 25-8 | 34-5 | 68:0 | 81 


Carbon 0:15, Manganese 0-30%. 
12 | 1606 | 0-18 | 0-18 Nil 35-4 | 28-6 | 33-0 | 59-2 | 26 
28 | 1729 | 0-16 | 0-20 | Cu, 0-43 | 36-3 | 26-5 | 32-5 | 59-2 | 28 
43 | 1752 | 0-16 | 0-21 | Cr, 1-00 | 37-6 | 27-4 | 33-5 | 66:0 | 34 
57 | 1773 | 0-19 | 0-19 | Mo, 0-20 | 37-1 | 27-3 | 32-0 | 59-2 | 26 





























Annealed Sections. 
Carbon 0:10, Manganese 0-30%. 








3 | 1605; 0-09 | 0-19 Nil 31:0 | 23-6 | 37:0 | 70:0 | 11 
20 | 1732 | 0-08 | 0-19 | Cu, 0-41 | 31-1 | 24-3 | 37-0 | 66-0 | 10 
33 | 2178 | 0-08 | 0-21 | Cu, 0-96 | 39-0 | 32-3 | 26-5 | 61-6 5 
37 | 1749 | 0-09 | 0-20 | Cr, 1-00 | 31-8 | 23-7 | 39-0 | 66:0 | 74 
48 | 1740} 0-08 | 0-19 | Si, 0-56 | 32-8 | 26-2 | 35-0 | 61-6 | 26 
52 | 1770 | 0-09 | 0-20 | Mo, 0-19 | 30-8 | 23-8 | 35-0 | 66:0 | 23 
59 | 1777 | 0-09 | 0-22 | Mo, 0-42! 31-2 | 24-8 | 35-5 | 66:0 | 9 
Carbon 0:15, Manganese 0-30%. 
12 | 1606 | 0-18 | 0-18 Nil {| 82-8 | 23-6 | 33:5 | 59-2 5 
28 | 1729 | 0:16 | 0:20 | Cu, 0-43 | 33-0 | 22-4 | 32-0 | 59-2 5 
43 | 1752 | 0-16 | 0-21 | Cr, 1-00 | 35-7 | 23-0 | 31-5 | 57-2 18 
57 | 1773 | 0-19 | 0-19 | Mo, 0-20 | 33-4 | 22-4 | 30-0 | 54:8 8 

















From the results of the mechanical tests on normalised sections, 
values have been deduced for the maximum percentage of phosphorus 
considered allowable in the presence of various contents of carbon and 
of alloy elements without serious loss in the notched-bar impact 

res. A variation in the manganese content between 0:25 and 
0-5% has been found to be without influence on this figure : 

1937—i K 
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Alloy Maximum Allowable Alloy Maximum Allowable 
Element. Phosphorus Content. Element. Phosphorus Content. 
Carbon 0-10% approximately. C og 0-15% approximately. 
Nil. Slightly over 0:2% Approximately 0-1% 

. 4% copper Slightly over 0-:2% O 4% copper Approximately 0- 1% 
1-0% copper Slightly under 0-2% 1:0% chromium Approximately 0:14% 
10% chromium Slightly under 0-3% 0:2% molybdenum Approximately 0-1% 

0-5% silicon Slightly under 0-2% 

0-2% molybdenum Slightly under 0-25%, Carbon 0-25% approximately. 

0-4% molybdenum = Slightly under 0-25% Nil. Approximately 0-07% 

0-4% copper Approximately 0-07% 
1:0% chromium Approximately 0:07% 


It is therefore evident that the presence of 0-4°% of copper has no 
effect on the extent of the notched-bar embrittlement induced by 
high phosphorus contents. Increasing the copper content to 1% 
would appear to accentuate slightly the embrittlement in the normal- 


TaBLE XV.—Mechanical Properties of Steel Containing 0:3% of 




















Phosphorus. 
| Av J 
Max. | Yield | Elonga-| Reduc- | “Y¢rase 
Car- Phos- All : : zod 
steel] No, | bam |phorus.| Bement. [rosewcrlzongper|°3.ia | ‘Area, | HBpect 
ad ‘o° ” sq. in. | sq. in. %. | Filb.. 
i ' | | | ' | | 
Carbon 0:10, Manganese 03%. 
Normalised Sections. 
4 | 1612 | 0:10 | 0:36 Nil 35:6 | 28-0 | 35:0 | 66:0 | 25 
21 1735 | 0-11 | 0:29 | Cu, 0°41 | 35-2 | 28-8 | 35-5 | 66-0 27 
34 | 2179 | 0-07 | 0:33 | Cu, 0-95 | 36-9 | 32-0 | 33-5 | 59-2 15 
38 | 1750 | 0-11 | 0-31 | Cr, 1:00 | 35:7 | 28-2 | 36-0 | 68-0 61 
49 | 1739 | 0-08 | 0-28 | Si, 0-55 | 37-0 | 30-4 | 33-0 | 63-6 19 
53 | 1774 | 0-10 | 0-28 | Mo, 0-19 | 35-6 | 27-1 | 37-0 | 63-6 34 
60 | 1778 | 0:09 | 0-31 | Mo, 0-39 | 37-2 | 29-6 | 34:0 | 63-6 | 35 
Annealed Sections. 
4 ; 1612] 0-10 | 0-36 Nil 33-1 | 26-3 | 33-5 | 66:0; 5 
21 1735 | 0-11 | 0-29 | Cu, 0-41 | 32-7 | 26-2 | 36-5 | 66-0 6 
34 | 2179 | 0-07 | 0-33 | Cu, 0:95 | 40-6 | 33-6 | 28-5 | 59-2 5 
38 | 1750 | 0-11 | 0-31 | Cr, 1:00 | 34:0 | 25-6 | 37:5 | 63°6 30 
49 | 1739 | 0-08 | 0-28 | Si, 0-55 | 33-6 | 25-1 | 35-0 |! 61-6 6 
53 | 1774] 0:10 | 0:28 | Mo, 0-19 | 32:5 | 23-5 | 33-0 | 63-6 7 
60 | 1778 | 0-09 | 0-31 | Mo, 0-39 | 34-0 | 25:5 | 35-5 | 63-6 | 6 | 
Es} 

















ised condition. Annealing the steels containing 1% of copper 
results in a marked increase in the tensile strength, owing to the in- 
cidence of precipitation-hardening. These steels in the annealed 
condition give very low notched-bar impact figures. The presence 
of 0-5% of silicon would appear to accentuate the embrittling effect 
of high phosphorus contents; molybdenum has a slight neutralising 
effect in the presence of the lower carbon contents, whilst the 
presence of 1% of chromium is markedly beneficial. Chromium does 
not eliminate the brittleness but allows of the presence of a higher 
percentage of phosphorus without brittleness being induced. Even 
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in the presence of chromium, raising the normalising temperature 
50° C. has a marked effect in lowering the notched-bar figure of steel 
of medium-high phosphorus content (Table VII., Series l). This 
effect of a high normalising temperature would be minimised in 
steels manufactured to give inherent fine grain, whilst such conditions 
would assist generally in giving improved impact figures in steels of 
high phosphorus contents. 


Corrosion Tests. 


Selected steels from the series of copper- -bearing and chromium- 
bearing steels were subjected to laboratory corrosion tests. Bars 
of the steels in the normalised condition were machined to cylinders 
lin. x } in. dia., and polished to 0 emery cloth before being exposed 
for 28 days to the media indicated in Table XVI., where the test 
results are also recorded. The temperature of the tests was 18° C. 
unless otherwise stated. The type of corrosion was general rusting 
in all the tests. 


TaBLE XVI.—Laboratory Corrosion Tests. Loss in Weight.* 








SG No.: | 1726. | 1732. | 1735. | 1734. | 1733. | 1730. | 1748, | 1749. | 1750. | 

| (19) | (20 @1) | & (30) | G1) | (G6) | (37) | (8) | 

Carbon. % -| 0-08 | 0-08 | O-11 | 0-27 | 0-25 | 0-27 | 0-09 | 0-09 | 0-11 | 

Phosphorus. % .| 0-028 | 0-19 | 0-29 | 0-032 | 0-11 | 0-20 | 0-029 | 0-20 | 0-31 | 
Chromium. % .| ... ao de pasty | css ane . | 1:03 | 1:00 | 1-00 

Copper. % . - | 0-42 0-41 | 0-41 | 0-42 | 0-40 CO | ace | ma ee 

1 





00090 | 0-0093 | 0-0089 | 0-0102 | 0-0100 | 0-0100 


Laboratory roof £(1) | 0-0083 | 0-0089 0-085 
0-0084 | 0-0082 | 0-007 | 0-0083 | 0-0096 | 0-0094 


at 90... 0(2) | 0-0086 | 0-0077 | 0-0078 
Tap water, alter- 
nately wet and dry. | 0-0193 | 0-0166 | 0-0077 





0-0116 | 0-0139 eis ene joons |oons 
Total immersion in | | 

sea water . . | 0-0038 eyes 
— immersion in sea | 


| 
ot iis nail - | 0- 00334| 0-0030 | | 
= times 
0-0036 la -0047 | 0-0045 | 0-0049 | 0-0048 | 0-0042 | 0-0049 | 0-0051 | 0-0048 
| 
| 
| 


| 


0-0038 | eng 0-0038 | 0-0038 | 0-0033 | | 0-0034 0-0034 


| 
0-0036 | o-coss 0-0030 | 0-0036 Ce 0-0030 


aday . ° 
5% ammonium chlor- 
ide by weight - | 0-0081 | 0-0085 
Os atmosphere 
sprayed twice Taaily | 0-0050 |: 0049 











0-0084 | 0-0093 | 0-0087 | 0-0090 | 0-0075 | 0-0074 | 0-0072 
0-0071 


0-0029 | | 0-0032 | ie 0046 0-0053 | 0-0055 | 0-0052 | 








° Expressed in g. per sq. cm. of surface area. 
{ Some rusting of the specimens above the liquid; chiefly on the top, 

The tap-water test (alternately wet and dry) and the SO, 
atmosphere test indicate that the effect of phosphorus in dead-mild 
copper steel is to increase the corrosion resistance. In the copper 
steels containing 0-25% of carbon, the reverse effect is seen, 1.e., 
an increase in the phosphorus content gives increased corrodibility. 

The resistance of the dead-mild copper steel to sea spray is 
lowered by the presence of phosphorus, whilst in the 0-25°% carbon 
copper steel slightly improved resistance is obtained in the presence 
of 0-2% of phosphorus. 

From a survey of all the tests it is seen that the presence of high 
phosphorus makes no appreciable difference to the corrosion-resist- 
ance of 1% chromium steel. 
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NECEsSITY FOR THE ADDITION OF MorE THAN ONE ALLOY ELEMENT. 


The results of the mechanical tests on these low-carbon steels 
containing additions of single alloy elements indicate that satis- 
factory notched-bar impact figures cannot be expected for any of the 
steels if the maximum stress exceeds 37 tons per sq. in. 

The development of high-tensile weather-resisting structural 
steels in England has been directed mainly to satisfying the require- 
ments of British Standard Specification No. 548-1934, which calls 
for maximum stress figures of 37-43 tons per sq. in. with a yield 
point of 23 tons per sq. in. and a minimum elongation of 18% on 
8 in. In addition, the steels are normally required to possess en- 
hanced corrosion-resisting properties. 

In view of the difficulty of obtaining the desired mechanical 
properties by the addition of single alloy elements to low-carbon 
steels, combinations of various alloy elements have been used, par- 
ticular attention being given to those elements likely to give the 
desired increase in resistance to corrosion. 

The advantage derived from the addition of copper to steel, in 
enhancing the resistance to atmospheric corrosion in rural and in- 
dustrial districts, is fairly well established. The presence of copper, 
however, has only a slight effect in raising the tensile strength of the 
steel. Improved weather-resisting steels of high tensile strength 
were, therefore, developed by increasing the manganese content of 
copper-bearing steels to about 1:4%. Little improvement from the 
point of view of resistance to corrosion in marine atmospheres can be 
claimed for steel of this type, but there is some evidence that the 
copper-chromium steels are superior in this respect. 

It will be clear that no one steel can give optimum values for the 
properties required to satisfy the different conditions met with in the 
various fields of utility of high-tensile structural steels. 

The necessity for entire freedom from any tendencies towards 
air-hardening always places a restriction on the extent of the 
addition of alloy elements in structural steel. Within the limits of 
analysis so imposed, the combination of elements resulting in 
optimum mechanical properties does not necessarily provide the best 
combination of the elements to resist specific types of corrosion. 

It is interesting to note that the copper-chromium type of struc- 
tural steel has also received considerable attention in America. 
Generally, the values demanded for the maximum stress are appreci- 
ably lower than those specified in England and are usually of the 
order of 32-37 tons per sq.in. It is in conjunction with the elements 
copper and chromium that high phosphorus contents have been 
employed in some of the well-known American high-tensile structural 
steels. As previously indicated, the carbon content of the phos- 
phorus-bearing steels is generally restricted to approximately 0-1%. 
Work described in the earlier part of this paper confirms the necessity 
of this precaution in order to neutralise the tendency to notch- 


a 





NT. 


sels 
tis- 
the 


ral 
ire- 
ills 
eld 


‘i- 
1e 
ts 
n 
al 
S- 


y 
be 





PROPERTIES OF LOW-CARBON AND LOW-ALLOY STEELS. 133 P 


brittleness. The manganese content also appears to be kept 
abnormally low, although, as judged by these data, this is unneces- 
sary, at any rate up to a content of 0-5%. The high phosphorus 
content will compensate for part of the loss in tensile strength due 
to the low carbon and manganese contents. A high silicon content 
is also employed to raise the tensile strength and provide improved 
mechanical properties. 


EXPERIMENTAL STEELS CONTAINING COMBINATIONS OF VARIOUS 
ALLOY ELEMENTS. 


_ Anumber of experimental steels of the chromium-copper-silicon, 
high-manganese-copper and copper-chromium types was made, 


TaBLE XVII.—Analyses of Spark-Gap Furnace Ingots. 





(r) Chromium-Copper-Silicon. 























. SE No.: 1296, 1297, | 1292 
(low 
| phosphorus) 

(62) (63) (64) 

Carbon. % r : , ‘ ‘ 0-10 0-10 0-08 
Manganese. % . ‘ . ; ; 0-22 0-22 0-24 
Silicon. % : : : ; : 0-73 0-73 0-75 
Phosphorus. %. ; : : . 0-15 0-16 0-025 
Copper. % : ; 3 : : 0-38 0-39 0-42 
Chromium. % . ‘ : : ‘ 0-67 1-36 1-31 

(s) Manganese-Copper High-Tensile T'ype (various carbon contents). 
SG No.: 1286. 2176 1886. 1294. 
(high 
phosphorus). 

(65) (66) (67) (68) 

Carbon. % ; : ‘ 0-13 0-11 0-16 0-26 
Manganese. % . : ; 1-32 1-25 1-32 1-38 
Silicon. %. ; : : 0-23 0-20 0-20 0-26 
Phosphorus. % . ‘ : 0-020 0-18 0-034 0-020 
Copper. % , ‘ . 0-57 0-57 0-60 0-58 

(t) Copper-Chromium High-Tensile Type. 

SG No.: 1346. 1853 1887. 1347, 1888 

(high (high 
phosphorus). silicon). 

(69) (70) (71) (72) (73) 

Carbon. % . : 0-12 0-12 0-17 0-23 0-13 
Manganese. % . 0-85 0:73 0-84 0-90 0-88 
Silicon. % . : 0-10 0-13 0-10 0-11 0-78 
Phosphorus. % . 0-021 0-14 0-034 0-019 0-034 
Copper. % . ; 0-58 0-57 0-61 0-62 0-60 
Chromium. % : 0-64 0-62 0-64 0-65 0-62 











and the mechanical properties and relative corrosion-resisting pro- 
perties were examined. The analyses of the experimental 18-lb. 
ingots are given in Table XVII. and the mechanical properties of 
$-in. dia. bars after normalising and after annealing in Table XVIII. 
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TaBLE XVIII.—Mechanical Properties of Experimental Steels of the 
Chromium-Copper-Silicon, Manganese-Copper, and Copper- 
Chromium Types. 
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| 1 
| CHROMIUM-COPPER-SILICON TYPE. | 
Hh ii ieee 
iJ oe j 
} : F 
| é B d Max. | Yield | Elon- al Izod Impact | 
Hi : 3 6 3 _|Stress.|Point. |gation| }i57 Figures. 
i Lad a a a ‘A Tons | Tons | on 2 
| i ™ | Bat] Poe | oe | Bat | Boe | Per |Pa | Ge fare. | 
i G 3 FI a & 8q. in. |#4- in.} %. %,, Ft.lb. Av’ ge. 
ti} oy ) ‘ 1 ' ‘ et a 
Ht Series (r). Carbon 0-10, Copper 0-4%. 
Hi Normalised 920° C. 
i 62 ; 1296 | 0-10 | 0-22 | 0-73 | 0-15 0-67 | 35-8 | 27-2 | 37-5 | 68-0 ; 90,109,111 103 | 
it 63 | 1297 | 0-10 | 0-22 | 0-73 | 0-16 1-36 | 37-8 28:8 | 37-0 | 70-0 | 71, 68, 70 | 70 
i 6 1292 | 0-08 | 0-24 | 0-75 '0-025/ 1:31 | 31-0 | 21-6 | 40-0 | 73-6 107, 109, 107 | 108 
' Annealed 920° C. 
62 | 1296 ; 0-10 | 0-22 ; 0-73 | 0-15 0-67 34-7 | 26-0 | 34-0 | 63-6 | 81, 77, 66 78 
63 | 1297 | 0-10 | 0-22 | 0-73 | 0-16 1:36 | 36-4 | 28-1 | 35-5 | 66-0 | 30, 30, 34 31 
64 | 1292 | 0-08 | 0-24 | 0-75 | 0-026 1:31 | 29-2 | 20-8 | 40-0 | 70-0 {103,103,102 | 103 
| | 
MANGANESE-COPPER TYPE. (Various carbon contents.) 
| ee a se 
Max. Yield | Elonga- | Reduc- | nd Impact 
: SG Stress. Point, tion on | tion of igures. 
Steel. No. Carbon. %. Tons per | Tons per 2 in. Area, | —____——————_ 
sq. in. sq. in. %. %. Ft.lb. Av’ge. 
Series (8). Manganese 1-4, Copper 0-6% approx. 
Normalised 900° C. 
65 1286 0-13 34-4 23-6 36-0 68-0 100, 97, 94 96 
66 2176 0-11 (P, 0-18) 36-8 24-8 38-0 63-6 17, 23, 23 21 
67 1886 0-16 36°5 25-6 34-0 66-0 82, 72, 79 78 
68 1294 | 0-26 43-6 27-2 29-0 57-2 42, 43, 44 43 
Normalised 900° C., Tempered 600° C. 
68 | 1294 | 0-26 1 408 | 286 | 300 | 6548 | 70,79, 74 74 
Annealed 900° 0. 
65 1286 0-13 32-0 22-2 36-5 66-0 98, 86, 90 91 
66 2176 0-11 (P, 0-18) 34-7 25:8 34-0 63-6 6, 5, 6 6 
67 1886 0-16 33-8 24-4 34-0 63-6 38, 40, 46 41 
68 1294 0-26 38-6 24-6 31-0 57-2 41, 41, 42 41 
COPPER-CHROMIUM TYPE, (Various carbon, silicon, and Saaieene — 
Max. | Yield | Elon- | Reduc- Izod Impact 
ae Phos- | Stress.| Point. | gation} tion —— 
Steel. a Carbon. | Silicon. | phorus.| ‘Tons | Tons | on Ot yk - a4 
: i ~— %. per per 2 in. Area, 
sq. in. | £4 in.| %. %. Ft.lb. Av’ge. 
SS ow i ' ' Lawes 
Series (t). Manganese 0-85, iapper 0-6, Chromium 0-65% approz. 
Normalised 900° C, 
69 1346 0-12 0-10 0-021 32-0 21-0 37-5 71-6 96, 100, 102 99 
70 1853 0-12 0-13 0-14 35-6 25-0 35:5 68-0 40, 45, 30 38 
71 1887 0-17 0-10 0-034 35-7 26-0 35:5 68-0 90, 91, 93 91 
72 1347 0-23 0-11 0-019 40:8 28-0 31-0 63-6 62, 64, 52 59 
73 11888 | 0-13 | 0-78 | 0-034 | 37-2 | 28:5 | 36-0 | 680 | 101, 105,102 | 103 
Annealed 900° C, 
69 1346 0-12 0-10 0-021 29-5 19-4 36 68-0 95, 91, 94 93 
70 1853 0-12 0-13 0-14 33-7 21-2 33-5 63-6 13, 19, 14 15 
71 1887 0-17 0-10 0-034 33-2 23-4 33-5 61-6 73, 79, 75 76 4 
72 1347 0-23 0-11 0-019 34-8 22-0 33-0 59-2 63, 64, 62 63 
73 1888 0-13 0-78 0-034 350 | 25-4 35-0 65-7 97. 99, 97 98 
! 
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Chromium-Copper-Silicon Type. 


The results of mechanical tests on the experimental steels again 
indicate the marked effect of 0-15% of phosphorus in raising the 
tensile strength. This increase in strength is accompanied by only 
a slight loss in ductility. Remarkably good notched-bar impact 
figures are obtained with all three steels after normalising and also 
after annealing, except in the case of the steel with high chromium 
and high phosphorus contents. This high-chromium high-phos- 
phorus steel, in the normalised condition, has a tensile strength of 
37-8 tons per sq. in. 


Manganese-Copper Type. 


With a carbon content of 0-16% the tensile strength of this 
quality of steel is just below 37 tons per sq. in., but even then the 
ductility, as measured by the elongation and reduction of area, is 
lower than that of the chromium-copper-silicon type of steel at a 
tensile strength of 37-8 tons per sq. in., although the impact figures 
of the manganese-copper steel are slightly superior. 

Increasing the carbon content to 0-26% raises the tensile strength 
to 43-6 tons per sq. in., but evidently some air-hardening tendency 
is present, as is indicated by the extent of the lowering of the 
tensile strength brought about by tempering. For material of the 
section under consideration, it would thus seem advisable to limit 
the carbon content of this type of steel to about 0-22%. Generally, 
the mechanical properties of these manganese-copper steels are 
slightly inferior to those of steels of the chromium-copper-silicon type. 

Increasing the phosphorus content from 0-020 to 0-18% in 
manganese-copper steel of this type containing 0-11% of carbon 
lowers the notched-bar impact figure, in the normalised condition, 
from 96 to 21 ft.lb. 


Copper-Chromium Type. 


The mechanical properties of the normal copper-chromium steels 
are very similar to those of the manganese-copper steels. 

The addition of 0-12% of phosphorus to the low-carbon copper- 
chromium steel in the normalised condition results in an increase in 
the tensile strength from 32-0 to 35-6 tons per sq. in., but this is 
accompanied by a decrease of the elongation and reduction of area 
and a drop in the notched-bar impact figure from 99 to 38 ft.lb. 
Increasing the carbon content of the low-phosphorus steel from 0-12 
to 0-17% has practically the same effect on the tensile strength as 
increasing the phosphorus content, but in the case of the increased 
carbon content the impact figure remains high at 91 ft.lb. 

It is interesting to note the effect of raising the silicon content of 
the copper-chromium steel to 0-78%. The tensile strength is raised 
to 37-2 tons per sq. in., with a particularly high value for the yield 
ratio and an impact figure of 103 ft.lb. Itis considered that the high 
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silicon content of the chromium-copper-silicon type of steel is mainly 
responsible for the remarkably good mechanical properties, and that 
the phosphorus content is of little value, apart from its influence in 
raising the tensile strength. This can be effected equally well by an 
equivalent increase in the carbon or manganese content, and the 
desired properties can be obtained without the risk of undue brittle- 
ness which is always present when the phosphorus content is high. 


Corrosion Tests. 

Laboratory corrosion tests were carried out on selected steels 
from series (q), (r), and (8). 

Cylinders, 1 in. long by } in. in dia., were machined from normal- 
ised sections of §-in. dia. bars of the above steels, polished to 0 emery 
paper and tested in various corrosive media. The period of test in 
every case was 28 days, and the temperature 18° C. unless otherwise 
stated. The results obtained are collected in Table XIX. 


TaBLE XIX.—Laboratory Corrosion Tests. Loss in Weight.* 





SG No.: 1296, 1297. 1292. 1286. 1346. 











(62) (63) (64 (65) (69) 
(low phos- 
phorus). 
Type of steel : Chromium-Copper-Silicon. ow P..nal 
Carbon. % ° ° ° 0-10 0-10 0-08 0-13 0-12 
Manganese. % . ° . 0-22 0-22 0-24 1-32 0-85 
Silicon. % ° e ° 0-73 0-73 0-75 0-23 0-10 
Phosphorus. % . ° e 0-15 0-16 0-025 0-020 0-021 
Copper. % . ° ; 0-38 0-39 0-42 0-57 0-58 
mium. % ° ° . 0-67 1-36 1:31 nn 0-64 
Laboratory roof, 10°C. . | 0-0157 | 0-0165 | 0-0161 | 0-0154 | 0-0142 
Running water 7 - | 0-0065 | 0-0063 | 0-0063 | 0-0062 | 0-0063 
Tap water, alternately wet 
and dry 0-0151 | 0-0140 | 0-0149 | 0-0199 | 0-0157 


Sea water, total immersion | 0-0036 | 0-0031 | 0-0034 | 0-0042 | 0-0041 
Sea water, alternately wet 

and ° ° - | 0-0094 | 0-0063 | 0-0069 | 0-0150 | 0-0123 
Sea spray, three times per 

day . ° : - | 0-0022 | 0-0020 | 0-0024 | 0-0030 | 0-0022 
5% ammonium chloride . | 0-0117 | 0-0114 | 0-0115 | 0-0136 | 0-0136 


























* Expressed in g. per sq. cm. of surface area. 


In the chromium-copper-silicon steels no enhanced corrosion- 
pean is derived from the higher phosphorus contents of Nos. 62 
and 63. 

Increased resistance to alternately wet and dry conditions in 
tap water and in sea water is obtained from the high chromium 
contents of steels 63 and 64 as compared with steel 62. 

Under exposure to atmospheric conditions, the manganese- 
copper and copper-chromium steels are at least equal in resistance 
to the chromium-copper-silicon steels. 
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In the alternately wet and dry tests, steel 65 shows the least 
resistance of the five steels tested, possibly owing to its high 
manganese content. 

In general, the resistance of the three steels of the chromium- 
copper-silicon type to atmospheric, aqueous, and marine influences 
is slightly superior to that of the other two types of steel. This is not 
necessarily to be attributed to the high phosphorus contents, but 
is probably associated with the higher silicon and chromium, coupled 
with slightly lower carbon contents. These conclusions are based 
solely on the results of laboratory tests. Long-time atmospheric 
and sea-water exposure tests on these types of material of commercial 
quality are in progress on the private corrosion testing stations of 
the author’s company and also form part of the programme of the 
Corrosion Committee. These tests will, it is anticipated, provide 
more definite information on the relative corrosion-resistance of 
these steels (and others), and incidentally add to the much-needed 
data correlating laboratory and long-time exposure tests. 


SUMMARY AND CONCLUSIONS. 


The properties in the normalised and annealed conditions of a 
large variety of carbon and low-alloy steels with low and high phos- 
phorus contents have been determined and are reviewed with the 
object of assessing the relative values of different compositions in 
meeting the requirements of the British Standard Specification for 
high-tensile structural steels (37-43 tons per sq. in.) and in conferring 
other characteristics which are desirable in steel for structural 
purposes. 

The results confirm the generally accepted conclusion that the 
carbon content must be kept low in high-phosphorus steels and that 
the addition of phosphorus alone to a low-carbon steel will not 
produce the adequate tensile strength in association with other pro- 
perties necessary in structural steels, e.g., absence so far as possible 
of notch-brittleness, low-temperature brittleness, strain-age-em- 
brittlement and air-hardening tendency, together with improved 
resistance to corrosion. The tensile strength of a low-carbon steel 
cannot be raised above 34 tons per sq. in. by the addition of phos- 
phorus without marked deterioration of the notched-bar impact 
value. 

In the presence of other alloy elements, phosphorus behaves in 
precisely the same manner as in plain carbon steels, but the phos- 
phorus content at which undesirable properties appear may be 
raised. In this respect, chromium exerts the most marked influence. 
For other reasons, the presence of copper is advantageous. 

With the restriction on the carbon content imposed by high 
phosphorus contents, the alloy content must be higher than would 
otherwise be necessary, and in order to obtain tensile strengths of 
over 35 tons per sq. in., a high silicon content (the hardening effect 
of which does not depend on its association with carbon) must also 
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be present. In such a steel containing 0-15% of phosphorus, a 
satisfactory notched-bar impact figure is not retained when the 
tensile strength reaches 37 tons per sq.in. The application of high- 
phosphorus steel must, therefore, remain strictly limited to purposes 
for which the highest tensile properties are not required, and in this 
limited field for lower-tensile material its use may be regarded as 
permissible rather than preferable. The limitations are avoided by 
the use of a normal phosphorus content. The carbon content is then 
no longer so restricted, and by comparatively low alloy additions a 
tensile strength of 37 tons per sq. in. may easily be obtained without 
introducing any risk of the disadvantages which may accompany 
the presence of a high phosphorus content. 

No evidence has so far been found to indicate that a high phos- 
phorus content confers on the steel any useful increase in resistance 
to corrosion. Such effects as were observed in high-phosphorus 
steels were accounted for by the simultaneous presence of alloy 
elements. 


In conclusion, the author wishes to express his thanks to Dr. T. 
Swinden, Director of Research, The United Steel Companies, Ltd., 
for permission to publish this paper, and also to various members of 
the staff of the Central Research Department for assistance in 
carrying out the work. 
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DISCUSSION. 


Mr. J. H. Wui1TELEY (Consett) said that Mr. Jones’ paper should 
be very useful to steelmakers. It demonstrated clearly the embrit- 
tling effect of phosphorus in steel, especially in the presence of 
carbon. While this had long been known in a general way, little 
systematic investigation of the kind here disclosed had hitherto 
been published. The structural changes due to phosphorus were 
studied many years ago by Stead, but as yet no explanation of the 
antagonistic behaviour of carbon and phosphorus was to hand. In 
the normalised or annealed conditions practically the whole of the 
carbon was contained in the carbide constituent of the pearlite. 
Little more than a trace was dissolved in the ferrite. On the other 
hand, phosphorus, so far as was known, was entirely retained in 
solid solution, and yet, although these two elements did not appar- 
ently occur in the same phase, a relatively small increase of either 
could be very detrimental. Other elements which remained in 
solid solution, such as nickel, copper, silicon, &c., could be added in 
much greater amount without giving rise to marked brittleness. 

In considering the results as a whole, he was inclined to think 
that Mr. Jones had shown phosphorus on its best behaviour, for the 
reason that, throughout the work, he had used ingots weighing only 
181b. In such small ingots the crystallites would probably be much 
smaller than those that formed in the heavier ingots used in steel- 
works for the qualities of steel here dealt with. Now, since phos- 
phorus was one of the segregating elements, it tended to concentrate 
in the liquid filling the interstices between the growing crystallites, 
so that in these small 18-lb. ingots it was to be expected that the 
heterogeneity of the phosphorus distribution would not be widely 
spaced. In other words, the macrostructure would be finer than 
that in ingots several tons in weight. It was to be regretted that 
Mr. Jones had not included afew illustrations of the microstructures of 
the steels he worked with, for it might then have been possible to 
form a better idea of the degree of heterogeneity present, as com- 
pared with that occurring in more normal practice. It might even 
be that in some of the ingots a uniform distribution of the phosphorus 
was produced by diffusion during the heat treatment before forging. 
Here again no data were given to enable one to judge. Neverthe- 
less, it seemed very likely that in the steels containing compara- 
tively little phosphorus, at any rate, that element would be more 
evenly distributed than in ordinary commercial steels. Possibly the 
surprisingly high yield points recorded for the steels low in phos- 
phorus could be explained in this way. In steel No. 1, for instance, 
a yield point in the normalised piece equal to 75% of the maximum 
stress was shown, whereas a yield point equal to 50% of the maxi- 
mum stress was as much as could be expected in normalised steel of 
this class in general practice. A comparison of the results given by 
an 18-lb. ingot and by a 2- or 4-ton ingot would have here been very 
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interesting, for in dealing with phosphorus the extent of its hetero- 
geneity was probably an important factor. 

For some reason, which was not at all clear, Mr. Jones had for the 
most part worked with steels containing 0-3% of manganese. Only 
in a few instances has he used the more normal amount of 0:5%. 
Mr. Whiteley thought it would have increased the value of the paper 
if more steels of the latter type had been included, for, on examining 
the results carefully, there was, he found, some indication that 
manganese enhanced the embrittling effect of phosphorus. In two 
or three cases it appeared to cause a steepening of the Izod curves 
included in Figs. 1 to 4, as the following examples would show : 


C. 0. P. Mn, Izod Value. 
Steel No. %. %. %. Ft.lb. 
7 Normalised 920°C. 0-08 0-22 0-44 81 
8 55 i 0-09 0-34 0-56 15 
41 is 900° C. 0:17 0-10 0-23 96 
42 3 A 0-16 0-15 0-29 44 


In both instances there was a sharp drop in the Izod values and a 
rise in the manganese as well as the phosphorus content. When 
these results were compared with the others recorded in the paper, 
in neither case did the increase in phosphorus alone seem sufficient 
to account for the marked fall in the Izod values. A tentative 
inference might be drawn, therefore, that manganese as well as 
carbon accentuated brittleness due to phosphorus. Possibly the 
reputed treacherousness of phosphorus was partly to be accounted 
for in this way. For example, one steel containing, say, 0-10% of 
phosphorus and 0-60% of manganese might be quite satisfactory, 
whereas another of similar analysis but with 0-80% of manganese 
might be very brittle. In any case he thought the figures Mr. Jones 
has presented were sufficiently suggestive on this point to justify 
more investigation in that direction. 

Valuable as the paper was, its treatment of the subject was by 
no means exhaustive. For instance, the effect of phosphorus on the 
properties of quenched and tempered steels had not been examined. 
Then, too, there was the effect of normalising or annealing at inter- 
mediate temperatures between Ac, and Ac,tobe considered. In steel- 
works practice it was not always necessary to heat-treat steel above 
the upper critical point, especially when grain-size refinement was 
not required. In this connection, however, he had once or twice 
encountered instances of mild-steel plates containing about 0-10% 
of phosphorus which had shown exceptional brittleness after having 
been normalised at about 820°C. Further, another point should 
here be mentioned. He had seen the statement recently in an 
American journal that when phosphorus was contained in the charge, 
its effect on the physical properties was different from that which it 
produced when added at the end of the process or to the ladle. In 
view of this statement, he thought it would be as well if Mr. Jones 
stated more fully the way in which the ingots he used were produced. 
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Mr. Whiteley presumed that, in each instance, no refining operation 
was carried out, but that some fairly pure steel scrap was melted, 
the additions were made and the ingot was then cast. 


Dr. Hucu O’Netu (Derby) said that most users of structural 
steel must have been unable to ignore the available literature con- 
cerning the seemingly valuable properties of certain ferrous alloys 
containing about 0-15% of phosphorus. The present work on 
home-made steels was therefore very welcome, since if taken in 
conjunction with Mr. Britton’s paper on commercial steels, it 
enabled one to obtain a fairly extensive idea of the behaviour of 
those special materials. 

Although the author found no evidence that the observed 
increased resistance to certain types of corrosion could be attributed 
to high phosphorus, nevertheless there was a strong probability that 
phosphorus did act in that direction. The eventual divergence 
from an initial similarity of the corrosion curves of the various 
commercial steels published in the paper from the L.M.S. Railway 
laboratory suggested that the corrosion differences were due to the 
character of the rust layers formed on the steel. Phosphorus 
seemed at least to be helping the other elements to do their work. 
In that respect it might be remarked that Griffiths,? by making small 
additions of phosphorus to Armco iron, was able to produce a 
strongly adherent scale when the iron was heated, and it was also 
noticed that 2% of silicon gave a similar effect. It was not improb- 
able that that observation could be associated with the properties of a 
phosphoric rust. 

The author’s corrosion results were not yet particularly convincing, 
for spray testing was still of doubtful value in many cases, and an 
atmospheric exposure of 28 days was quite insufficient to enable a 
useful opinion to be formed. Furthermore, the whole question of the 
effect of painting must be considered in assessing the ultimate worth 
of a given steel. The final long-time exposure results would there- 
fore be awaited with interest. 

Personally, he was of the opinion that, provided the steel were 
carefully made and very carefully heat-treated, elements such as 
aluminium, chromium and copper could be relied upon to look after 
any doubtful mechanical properties due to high phosphorus. There 
was no doubt that some of the steels under consideration were not 
exactly fool-proof, and normalising temperatures must be carefully 
controlled. In Table VII. the author had shown that a steel with 
high carbon, high phosphorus and 1% of chromium also suffered 
from reduced impact values if it were annealed at 880° C. instead of 
being normalised from 880°C. This indicated an effect which 
would require careful watching, and the commercial production of 
those corrosion-resisting low-alloy steels would apparently require 


1 This Journal, p. 161 Pp. 
2 Journal of the Iron and Steel Institute, 1934, No. II., p. 381. 
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controlled cooling conditions. The sensitiveness of phosphorus- 
chromium steels to rates of cooling could be observed in the quite 
independent work of H. Bennek,! who had studied the influence 
of phosphorus on temper-brittleness. Table A indicated that if a 


TaBLE A.—Impact Tests on Steel O0.Q. 820° C., T. 650° C. 1 hr., 
Air-Cooled or Oil-Quenched after Tempering. (From H. Bennek.) 





Impact Resistance. Kg. m. per sq. cm. | 





| 
| 


| 
| 
| At 20°C, 


OC. % | P. % | Ore %,. At 0°. 














0-30 | 0-012 a | 22 | 22 22 | 22 

0-28 0-11 sl 15 14 Toe 15 

0-26 | 0-011 1-48 24 22 “a | 2@ 
14 6 


0-25 | 0-12 1-5 
(Mn 0:5%; S 0-01%). 





| 
Jo. 650°C. | A.C. 680°. 0.9. 650°C.| A.C, 650°C. | 
| 
| 
| 
| 





15% chromium steel containing 0-12% of phosphorus were oil- 
quenched from a tempering temperature of 650° C., then its impact 
resistance was as good as that of a low-phosphorus steel. Air- 
cooling from the same temperature, however, reduced the impact 
value to a third of that previously found. 

Variations in properties should therefore be looked for, and cer- 
tain risks might be incurred by users if the manufacture of those 
interesting steels were not conducted under very carefully controlled 
conditions. 


Dr. L. Reeve (Scunthorpe, Lincs.) said he could not add very 
much to the information given by the author, except that he had 
been concerned with the carrying out of some tests on commercial 
phosphorus steels. He and his co-workers were not in a position to 
publish all the data, but in general they had confirmed the embrittle- 
ment which resulted in these steels when the carbon-phosphorus 
conditions were incorrect. 

Dr. O’Neill had referred to the sensitivity of these steels, and 
undoubtedly that was their main weakness. He could recall, for 
instance, two specimens, one containing 0:10% of carbon and 
0-15% of phosphorus, and the other 0-12% of carbon and 0-19% of 
phosphorus, both of which were sensitive to strain-ageing, but the 
latter very much more so—to such an extent, indeed, that it would 
really be a dangerous steel to use in practice. In the as-rolled 
condition it had an Izod value as low as 13 ft.lb. He need 
hardly point out that under commercial conditions of steelmaking, 


1 Technische Mitteilungen Krupp, 1935, vol. 3, p. 205. 
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a steel which was sensitive to two points of carbon and only a 
ped points of phosphorus was not going to be an easy one to 
make. 

Secondly, it had been pointed out both by the author and by 
Dr. O’Neill that these steels were sensitive to heat treatment. 
There again, a commercial steel which was affected deleteriously 
by a comparatively small increase in the normalising temperature, 
and which was obviously sensitive to annealing conditions, was 
not one to be recommended too strongly, unless there were some 
very definite reasons in its favour. 

There was one other aspect of the question which seemed well 
worth mentioning, because, strictly speaking, it provided the real 
reason why steels of the type in question had been developed in 
America. He referred to the welding of these steels. There were 
undoubtedly some difficulties in welding the range of high-tensile 
steels made in Britain, the reason being, of course, that the range 
of high-tensile steels, 37-43 tons per sq. in., was definitely higher 
than the high-tensile range both on the Continent and in America, 
this, in turn, being due partly to the fact that the tensile strength of 
British mild steels ran distinctly higher than that of the average 
American and Continental steels. The Americans had overcome 
some of the difficulties of welding their high-tensile steels by cutting 
down the carbon considerably and introducing special elements 
to raise the yield point, phosphorus and chromium being one com- 
bination, and copper and nickel another. As a result of doing so, 
the tensile strength went up only to 34 or 35 tons, but the yield point 
ratio was increased to something like 75%, i.e., the yield point of 
those 34-35 ton steels was about the same as that of the British high- 
tensile steels. It was for British engineers to give some indication 
of how far they would accept the suggestion that working stresses 
should be based not on the ultimate tensile strength but on the yield 
point; if some indication in that direction could be obtained, the 
steelmakers of this country would be helped considerably, so far as 
high-tensile steel production was concerned. 

There was one other point with regard to the welding of phos- 
phorus steels which was worth mentioning. The fact that the steels 
were sensitive to temperature changes was a little dangerous from 
the point of view of welding, because the zone near the junction of the 
weld and plate was subjected to the whole range of temperatures 
from room temperature up to the melting point of steel. There was 
therefore a narrow zone where high temperatures would be encoun- 
tered, and some tests which he had carried out on a commercial 
high-phosphorus steel indicated the presence of a line of what 
appeared to be phosphorus segregation at the junction of the weld 
and plate. That required to be confirmed, but it seemed quite 
definite, and it also confirmed what one had heard, that in America 
the phosphorus steels to be used for welding had a maximum 
phosphorus limit of only 0-11%. 
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Dr. J. C. Hupson (Birmingham) thought it would be generally 
agreed that the paper was a very interesting communication on the 
properties of low-alloy structural steels, and formed a worthy suc- 
cessor to those which the author had published on similar subjects 
when at the Research Department, Woolwich. The data that the 
author gave in the present paper concerning the resistance to 
corrosion of the steels examined were particularly interesting, 
because others failed to confirm the rather marked effect of phos- 
phorus in improving resistance which had been reported in the 
United States, in Germany, and also in France. 
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Fic. A.—Loss in Weight of Phosphorus Steels in Atmospheric Corrosion 
Tests. (C. H. Lorig and D. E. Krause, Metals and Alloys, 1936, vol. 7, 
pp. 9, 51, 69; and private communication.) 


In order to illustrate the degree of the improvement in resistance 
to atmospheric corrosion which had been associated by other workers 
with the presence of phosphorus in the steel, he had plotted the 
results obtained by C. H. Lorig and D. E. Krause in Fig. A. These 
included not only the data for 6 months’ and 1 year’s exposure given 
in their original paper, to which Mr. Jones had referred, but also 
results for 2 years’ exposure, which they had kindly sent him in a 
personal communication. Four sets of curves were shown, relating 
to series of low-carbon steels containing no alloying element, 0-31% 
of copper, 1-04% of copper and 0-5% of nickel, respectively. It was 


1 Metals and Alloys, 1936, vol. 7, pp. 9, 51, 69; and private communi- 
cation. 
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clear that progressive additions of phosphorus to these basis materials 
had appreciably increased their resistance to atmospheric corrosion 
in all cases; in fact, the resistance had been approximately doubled 
by about 1% of phosphorus. This was, of course, an extreme 
addition, but he was now solely concerned with considering the effect 
of phosphorus on the corrosion resistance of the materials. 

He might add that in the discussion on the paper which Sir 
Robert Hadfield and Mr. Main had presented recently to the Insti- 
tution of Civil Engineers, Professor Portevin had given the results of 
numerous corrosion experiments, including those of some intermittent 
immersion tests in salt solution made at Pompey by E. Herzog.! 
It was noteworthy that in these tests the loss in weight of a steel 
containing 0-35% of phosphorus was 237 g. per sq. m. after 20 days, 
as compared with 309 g. per sq. m. for an ordinary open-hearth steel. 
Thus there was an apparent amelioration of about 25% due to the 
presence of phosphorus in the steel. 

The author had not observed anything like the differences 
reported by other investigators. In his atmospheric corrosion tests, 
the effect of phosphorus was at most 10% in the case of plain carbon 
steels, about 4 or 5% in that of copper-bearing steels, and it was 
actually negative in the case of the 1% chromium steels. There was 
not the slightest doubt, of course, that those results were correct as 
observations, and it was essential that further work should be done 
to explain the apparent discrepancy. Dr. O’Neill had already 
mentioned one factor which had also occurred to himself, namely, 
that it was quite possible that the tests, in the atmosphere at any 
rate, had not been continued long enough to bring out the true 
differences in the corrosion resistance of these steels. He had been 
intending to ask the author whether there were any long-term tests 
in progress, but the author had already said that this was the case 
in his opening remarks. These additional results would be awaited 
with great interest. 

He assumed that the tests were conducted at Stocksbridge. 
Those who had read the Fourth Report of the Corrosion Committee 
(p. 159) might remember that parallel series of tests on a number of 
low-alloy and other steels had been carried out at Stocksbridge, at 
the Brown-Firth Research Laboratories and at Sheffield University. 
In those tests, the differences between the various types of steels 
were less marked at Stocksbridge than at Sheffield, so that it might be 
well to arrange for further tests to be made in a rather more severe 
industrial atmosphere. 

The author gave three separate series of results in Tables III., 
XVI. and XIX. It was pertinent to inquire whether those three 
tests were contemporaneous or not; if not, it would be advantageous 
if the author would indicate the actual dates of exposure. It would 
be well to include a standard basis of reference in all series of tests, 


1 Journal of the Institution of Civil Engineers, 1936, Oct., p. 641. 
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as this would assist in drawing conclusions from the results as to the 
relative behaviours of the different groups of steels themselves. 


Dr. T. SwinpDEN (Member of Council, Stocksbridge) said that 
there was one suggestion which he would like to make. It had been 
pointed out that the tests described had been made on small ingots 
made in the laboratory furnace. His Company had used those data 
alongside the examination of commercial steels in guiding them in 
their policy in the development of high-tensile steels on a com- 
mercial scale, and for the reasons given, which had been explained by 
the author and by his colleague Dr. Reeve, it had been decided quite 
definitely in the meantime not to rely on phosphorus as an alloying 
element in the production of high-tensile steels. It would be very 
much appreciated if other manufacturers who had examined the 
question would contribute their views in the written discussion. 

The reasons had already been explained. Very briefly, they were, 
in the first place, that it was not possible to comply with the present 
British Standard Specification 548 for high-tensile steels, which called 
for a minimum strength of 37 tons per sq. in. Even in the United 
States that was not being complied with, and it was not implied that 
it could be done. Secondly, it was necessary to keep to a very low 
carbon content, and certainly a maximum of 0:1%. Thirdly, these 
steels were definitely susceptible to small differences in the manipula- 
tive processes, such as rolling, heat treatment and so on, and when 
one had to consider turning out many thousands of tons of steel a 
week through the mills and cooling banks and so on one would have 
to safeguard against different properties by a small difference in the 
rate of cooling, &c. Further, so far as the work on plate material 
and the experimental bars referred to was concerned, the question 
of strain-age-embrittlement was a very serious one. 

Those were the views of his Company with regard to manufacture 
on a commercial scale. They differed from the views of, at any 
rate, certain metallurgists in America, and they would very much 
appreciate the views of other manufacturers in Britain onthe problem. 


Mr. T. Henry TuRNER (Doncaster) remarked that steels with a 
deliberate high content of phosphorus had gone into many of the 
Diesel trains and rail-cars now running in the United States. A 
paper had been published towards the end of last year giving the 
compositions, which might be roughly divided into one-third stain- 
less steels, one-third non-ferrous light alloys, and the remainder 
steels of the type now under discussion, but they all contained 
roughly 1% of manganese, silicon or chromium, or just a little over 1%. 
Those figures must be significant as compared with the relatively 
small amounts of phosphorus, about 0-1% or thereabouts; 0-19°%% 
was the highest that he could remember seeing. 

One was tempted to inquire why they used phosphorus when 
those other powerful alloying elements were available. Phosphorus 
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had been deliberately added to rails with a view to stopping their 
corrosion in tunnels. One might be tempted to wonder, in the case 
of the American and German additions, whether it was merely a case 
of a residue from a phosphoric ore, and that it was cheaper to do it in 
that way, but that must be ruled out, because these alloys were 
being chosen for special high duty, where the engineer wished to use 
only the best and was prepared to pay extra if he could obtain 
something better for it. 

He wondered whether the author had tried different methods of 
adding the phosphorus. He had looked to see how it was added, 
but had not been able to discover that from the paper. He had 
also looked for tests on welding but had not noticed them. Bearing 
in mind what he had said about the materials being used for special 
purposes—so that one could rule out the idea that it was merely 
leaving in something as an economy—the question arose in one’s mind 
whether it was similar to the case of bronze, where the particular 
point at which the phosphor-copper was added was of great import- 
ance. Possibly tests with a spark furnace of the kind in question 
were not reproducing in any way the American steels. There might 
be deliberate additions of phosphorus to open-hearth furnace melts. 

The most striking difference was perhaps in regard to corrosion. 
Whereas the author started his paper by referring to the claim that 
steels containing phosphorus were deliberately used as being twice 
as good as ordinary steels for resisting corrosion, he concluded by 
saying, on the last page, that ‘“‘ No evidence has so far been found to 
indicate that a high phosphorus content confers on the steel any 
useful increase in resistance to corrosion.” 

Personally, he would like to suggest that some information on 
the weldability of these steels would be appreciated, lightweight 
construction being one of the fundamental reasons for their use in 
the United States, and he would like to ask the author to say whether 
the particular point at which the phosphorus was added was not of 
great significance. 





CORRESPONDENCE. 


Mr. B. D. Saktatwatta (Pittsburgh, Pa., U.S.A.) wrote that 
the paper covered a broad field in attempting to study the effect 
of phosphorus in the presence of some of the alloying elements from 
the standpoint of its effect both on the physical properties and on 
corrosion resistance. The paper had considerable value, as it 
showed the broad tendencies of phosphorus in affecting properties 
when present in combination with other elements. However, in 
view of the fact that the determination of the properties was carried 
out on laboratory heats, comparatively few in number, it seemed 
that the very broad general conclusions drawn by the author were 
not justifiable. The conclusions were not in accord with service 
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experience of commercial steels containing high phosphorus con- 
tents, such experience covering a period of over several years. 

Commercial experience, gained through the manufacture of the 
steels and their actual service results on a large industrial scale, 
had proved that in high-phosphorus steels the presence of definite 
combinations of alloying elements was essential. Further, it had 
been found that the percentage ranges of such elements had to be 
within prescribed fairly narrow ranges. It had been found that 
advantage could be taken of the ability of phosphorus to impart 
strength and corrosion resistance, at the same time avoiding any 
lack of ductility. This was achieved only when proper balance of 
the alloying elements was present. The combination of elements 
and their percentage ranges had been established after years of 
experimentation and trials. Broad conclusions as to the effect of 
phosphorus on the physical properties, therefore, could not be drawn 
from a few tests covering a very wide range of possibilities of 
combinations. Experience had shown that with a definite com- 
bination of alloying elements within a certain range the content of 
phosphorus also had to be held within certain definite limits. As 
the phosphorus content varied within this range, simultaneous 
increase or decrease of some of the alloying elements was necessary 
in order to maintain the necessary ratio balance which alone 
assured ductility. 

Mr. Jones drew the conclusion that in high-tensile steels it was 
preferable to obtain strength by a higher carbon content rather 
than by an increased phosphorus content. He especially stressed 
the possibility of low notched-bar impact values with high- 
phosphorus-content steels. It was true that phosphorus diminished 
the ductility in carbon steels, but the modern industrial development 
of high-tensile corrosion-resistant steels was based on the discovery 
of the proper combinations of alloys in the presence of a low,carbon 
and high phosphorus contents. By such means a high degree of 
ductility was maintained and the known property of phosphorus 
in imparting added atmospheric corrosion resistance to alloy steels 
was utilised. For instance, among Mr. Jones’ experimental steels 
Nos. 1296 and 1297, Table XVIII., which corresponded in com- 
position fairly well to steels widely used commercially in the United 
States of America, especially for the construction of railroad rolling 
stock, the physical properties, especially the ductility and notched-bar 
impact values, were of quite a satisfactory order. This again 
showed clearly that when the proper combination within definite 
ranges of alloying elements was present, perfectly satisfactory 
physical properties were obtained, even when the phosphorus 
content was comparatively high, such as 0-15 and 0-16% as in the 
steels Nos. 1296 and 1297. 

The remarks as to unjustifiable broad conclusions being drawn 
by Mr. Jones from the physical property results of his tests were 
applicable in a very much greater measure to his conclusions as to 
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con- the corrosion-resisting properties and especially as to the value of 
: phosphorus as a corrosion-resistant element. The conclusions were 
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very Fic. B,—Corrosion Resistance of Steels Exposed in an Industrial Atmosphere. 
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eels — Description. 10. %.|Mn. %.|P. %.| 8. %.| Si. %. | Ou. %.|Cr. %. 
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om- O.H. steel, 002% | 
ited Cu | 0-04 | 0-22 | 0-010 | 0-037 | 0-002 | 0-018 | 0-009 
ling Armco iron | 0-16 | 0-18 | 6-004 | 0-031 | 0-004 | 0-052 | 0-015 
b O.H. steel, 0:07% 
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yain O.H. steel, 0:25% 
nite Cu 0:065| 0-49 | 0-052 | 0-022 | 0-005 | 0-25 
bry Cr-Cu-Si steel 0-07 | 0-38 | 0-009 | 0-017 | 0-79 | 1-03 
Cr-Cu-Si steel 0-085} 0-38 | 0-033 | 0-020 | 0-78 | 0-53 
oo Cr-Cu-Si-P steel | 0-02 | 0-38 | 0-151 | 0-023 | 0-82 | 0-58 
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awn drawn from data given in Table XVI., where corrosion tests were 
vere tabulated. The results were for specimens subjected to the action 
sto . of the various corroding media for the short period of 28 days. It 
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was well known that such short-duration tests were not only 
valueless but misleading from the practical standpoint. Steels 
which might show a high rate of loss at the beginning of the test 
period might prove to be much more resistant when the test was 
continued over a long and reasonable period of, say, three to five 
years. This was especially so in the case of atmospheric corrosion 
tests. It was, therefore, explicable why the conclusions arrived at 
by Mr. Jones in regard to the value of phosphorus as a corrosion- 
resistant element were so contradictory to actual service experience 
in the United States gained over a period of years. Undoubtedly 
if his test period had been sufficiently lengthened this disparity 
would have disappeared. 

In order to show by a long-period test that in actual service a 
high phosphorus content when combined with chromium, copper 
and silicon did bring about a very high degree of corrosion 
resistance, the results were plotted in Figs. B, C, D, E and F, and the 
compositions of the steels tested were given in the corresponding 
Tables B, C, D and E. The general conditions under which the 
tests were carried out were also indicated on the figures. 

Fig. B gave the comparative corrosion rates for an exposure of 
two years in an industrial atmosphere of various steels of the 
compositions given in Table B. The two chromium-copper-silicon 
steels, Nos. 5 and 6, low in phosphorus, showed a loss of approxi- 
mately 13 to 14 g., whereas steel No. 7, of practically the same 
analysis but with a higher phosphorus content, namely, 0-151%, 
gave a loss of only about 8 g. The high phosphorus content, 
therefore, had undoubtedly very materially increased the corrosion 
resistance of the copper-chromium-silicon composition. Fig. B 
also indicated that at the beginning of the test, say, over a period 
of one or two months, the loss in weight among the various steels 
was not materially different. This clearly demonstrated the 
necessity for a long-time atmospheric corrosion test and the fact 
that conclusions drawn after exposure of the specimens for a month 
or two would be totally misleading. 

Fig. C showed the relative behaviour of four steels, their com- 
positions being given in Table C, when exposed in an industrial 
atmosphere for a period of one year. In the test two plain copper 
steels, No. 8 with a low and No. 9 with a high phosphorus content, 
were included. Steel No. 8 suffered a loss of about 14-5 g., whereas 
the corresponding high-phosphorus steel, No. 9, underwent a loss 
of only about 11 g., or a curtailment of the loss by 3-5 g. The 
chromium-copper-silicon steel, No. 6, showed a loss of 13-5 g., whereas 
the corresponding high-phosphorus steel, No. 10, lost only about 
7:3 g., or a curtailment in the loss of 6-2 ge It was apparent, 
therefore, that a higher phosphorus content imparted corrosion 
resistance to steel in an industrial atmosphere, and it also appeared 
remarkable that an increment of phosphorus in the chromium- 
copper-silicon composition was about twice as potent as when 
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present in plain copper steel from the standpoint of additional 
corrosion resistance. In the chromium-copper-silicon steel the loss 
was curtailed by 6-2 g., whereas in plain copper steel the curtailment 
amounted to only 3-5 g. This was an especially fortunate circum- 
stance, inasmuch as in the widely used commercial high-phosphorus 
steels it had been found that the combination of chromium, copper 
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Fie. C.—Relative Corrosion Resistance in an Industrial Atmosphere of 
Copper Steels with Low and High Phosphorus Contents. 


TABLE C.—Compositions of Steels Plotted in Fig. C. 



































" | | | 
koa Description. le %: | Mo. %.)P. %.1S. %. | Si %: | Cu olor. % 
8 | O.H. Cu steel, | | 
low P 0-024 | 0-15 | 0-008 | 0-022 | 0-006 | 0-25 | 0-04 | 
6 Cr-Cu-Si steel | 0-085 | 0:38 | 0-033 | 0-020 | 0-78 0-53 | 1-42 
9 | O.H. Cu steel, | | | 
| high P 0-025 | 0-41 | 0-157 | 0-042 | 0-021 | 0-26 | 0-03 | 
| 10 Cr-Cu-Si-P steel Tt 0-27 /o21 0-020 | 0-88 0-51 | 1-12 | 
es scat 2 dane tall I | 


and silicon was essential to bring about high ductility in conjunction 
with high tensile strength. Therefore, when the same combination 
of chromium, copper and silicon nearly doubled the corrosion 
resistance derived from the phosphorus, by such combination a 
material was produced which had high tensile strength combined 
with ductility and a remarkably high degree of corrosion resistance, 
especially to atmospheric conditions. 

Fig. D showed the corrosion losses of various steels the com- 
positions of which were given in Table D. The steels used for 
the test covered a wide composition range including the high- 
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chromium steels. The steels Nos. 14 and 16, containing chromium, 
copper, silicon and phosphorus, gave a good account of themselves 
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Fie. D.—Corrosion Resistance of Steels Exposed to Combined Atmospheric 
and Brine Spray Conditions for 3 Months (sprayed twice weekly with 
10% sodium chloride solution). 


TaBLE D.—Compositions of Steels Plotted in Fig. D. 









































| 
Steel | Description. | 0. %. a P. %.|8. %. |B % ma %.1 Cr. % | | 
11 | 18% Cr, 8% | | | Ni | 
i steel 18-00 | 8-00 
12 | 17% Cr steel 17:00 
13 | 12% Cr steel 12-00 
14 | Cr-Cu-Si-P 
steel 0:09 | 0-25 | 0-143 | 0-017 | 0-64 | 0-39 1-1 
15 | 33% Ni steel | 0-185 | 0-53 | 0-016 | 0-022 | 0-009 | 0-069 | 0-094) Ni 
3°23 
16 | Cr—-Cu-Si-P 
steel 0:06 | 0-19; 0-103 | 0-021 | 0-82 | 0-447] 0-71 
17 | 46% Cr steel | 0-097 | 0-40 | 0-014 | 0-024 | 0-32 | 0-028] 5-92 
18 | Cr-Cu-Si 
steel 0-014 | 0-24 | 0-015 | 0-018 | 0-84 | 0-40 1-45 
19 | Cu—Mo iron 0-016 | 0-15 | 0-006 | 0-022 | 0-006 | 0-443 | 0-036) Mo 
0-087 
20 | Cu-Mn steel | 0-22 | 1-31 | 0-022 | 0-028/ 0-19 | 0-278} 0-023) 
21 | Copper steel | 0-27 | 0-48 | 0-024 | 0-036 | 0-009 | 0-21 0-122 
22 | Copper steel | 0-065 | 0-49 | 0-052 | 0-022 | 0-005 | 0-252 | 0-117 
23 | Cr—-Mn-Si 
steel 0-27 | 1-20} 0-015 | 0-039 | 0-69 | 0-032! 0-43 
3 | O.H. steel, 
0:07% Cu | 0:09 | 0-51 | 0-069 | 0-028 | 0-005 | 0-068 | 0-117 
24 | Armco iron 0-017 | 0-03 | 0-003 | 0-031 | 0-005 | 0-088 | 0-011 
—!| 











and, compared with the other low-alloy steels, offered very superior 
corrosion resistance. Moreover, also in this test the effect of 
phosphorus in augmenting the corrosion resistance was very marked. 
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Steel No. 18, which had a low phosphorus content but practically 
the same composition as steels Nos. 14 and 16 containing higher 
phosphorus, showed a loss of 35-2 g., whereas steels Nos. 14 aa 16 
gave a loss of approximately only 21-5 g. Therefore, also under 
such severe conditions of salt spray the phosphorus content brought 
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Fig. E.—Corrosion Resistance of Steels 
Immersed and Continuously in 
Motion in Hot Aerated Soft Munici- 
pal Water. 


TABLE E.—Compositions of Steels Plotted in Figs. E and F. 


Period Period Period Period 


Fic. F.—Corrosion Resistance of Steels 
Immersed and Continuously in 
Motion in Aerated Salt Water. 





























{ j | 
— Description. %,, 0. %, |i 0% J, w.| 8 %- | Si %- | Cu Yor |Or % 
25 | Cr-Cu-Si-P steel | 0-10 | 0-28 | 0-226 | 0-014| 0-85 | 0-52 | 1-17 | 
26 | Cr—Cu-Si steel | 0-24 | 0-65 | 0-006 0-027 | 0-25 | 0-23 | 0-58 | 
27 | O.H. structural 
| steel 0-19 | 0-48 | 0-010 | 0-037 | 0-053 | 0-020 | 0-021 
7 ! EE — = — 





about a high degree of corrosion resistance when the chromium- 
copper-silicon combination was present. 

Two tests were carried out to ascertain the effect of phosphorus 
in increasing the corrosion resistance under submerged conditions in 
soft municipal and salt waters. The analyses of the steels used 
in the tests were given in Table E, and the results of the tests were 
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plotted in Figs. E and F; for comparison, steel No. 27, consisting 
of ordinary structural carbon steel, was included in the test. Fig. 
E showed that at the end of the one-year period steel No. 26 had 
lost 1-01 g., whereas steel No. 25, containing more phosphorus, had 
lost only about 0-82 g. Similarly, Fig. F indicated that in salt 
water steel No. 26 lost 1-4 g., whereas the higher-phosphorus steel 
No. 25 suffered a remarkably low loss of only 0-36 g. These results 
clearly proved that under submerged corrosion conditions phos- 
phorus markedly improved the corrosion resistance, and also that 
the high phosphorus content in combination with chromium, copper 
and silicon was especially useful when attack by salt water occurred. 

From the above it was apparent that high-phosphorus steels, 
possessing high tensile strength combined with high ductility, 
could be produced when the proper balanced combination in the 
right proportions of the other alloying elements was present. 
Further, the results plotted in the above diagrams clearly indicated 
that when chromium, copper and silicon together were used as the 
balancing elements the high phosphorus content imparted a 
remarkably increased corrosion resistance to the steel of such 
composition. 


Mr. 8. C. Brirron (Derby) wrote that the mechanical test data 
provided by the author were very welcome, but the corrosion tests 
reported could not be accepted as providing information reliable 
for all practical purposes. The rate at which the early stages of 
rusting proceeded might be important for some purposes, but in 
many of the forms of service of structural steel, the corrosion over 
a long period determined its value. It was generally accepted that 
the effect of some alloy additions, such as copper, might not become 
apparent until rusting was well advanced, and it seemed, therefore, 
unwarranted to draw conclusions on the effect of alloy additions 
after tests of only 28 days’ duration. 

Tests made at Derby emphasised this, and some results were 
shown in Table F. Further particulars of the tests made and of the 


TaBLE F.—Corrosion Tests on Low-Alloy Steels. 









































| Corrosion Tests (Relative Weight 
Analysis. | Loss, V = 100). | 
Steel. Sprayed 4 Laboratory Roof. 
Si Mn. | Cu. | Cr. 8 P. | iaecay, 4———_—__— 
° v7) y% , 9. o Y . N/100 H,S0,. 

o ° /0 70 ° ° /0 | a ey ‘ 14 45 300 

| . Days. | Days. | Days. 
V | 0-06 | Trace} 0-38 | 0-09 | Trace} 0-026 | 0-017 100 ,l00 | 100 | 100 
U | 0-09 | 0-05 | 0-48 | 0-22 | Trace} 0-04 0-016 78 89 | 102 88 
X | 0-15 | 0-07 | 0-65 | 0-31 | 0-65 | 0-028 | 0-040 111 90 | 105 81 
W | 0-040| 0-94 | 0-24 | 0-42 | 0-80 | 0-016 | 0-173 | 113 94 | 105 70 
Q | 0-12 | 0-86 | 0-27 | 0-41 | 1:15 | 0-025 | 0-163 110 97 98 70 
R | 0-25 | 0-19 | 1:34 | 0-27 | Trace| 0-012 | 0-020 | 101 92 | 102 87 
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materials were given in the writer’s paper ! on some properties of 
commercial steel sheets with low alloy additions. 

It was evident that the choice of any arbitrary period of 
experiment might give misleading results. The most satisfactory 
indications were given by corrosion-time curves, but if only one 
period of exposure was possible, this should be at least 100 days. 
The long-period tests which Mr. Jones had in progress would no 
doubt add further confirmation on this point, and should give 
results of real value. Pending these results, his paper should not 
be regarded as complete, for small alloy additions which could 
produce a marked improvement in corrosion resistance might be 
very welcome, even if they did not improve the mechanical 
properties very substantially. 


Mr. K. G. Lewis (Wolverhampton) wrote to ask whether Mr. 
Jones had any information on steels of similar composition to those 
used, but in sheet form. The results were of extreme interest, 
more particularly those on the low-carbon steels, but the factors 
affecting the behaviour of phosphorus with regard to corrosion 
resistance under various conditions were as yet not understood. 
The remarkable behaviour when copper also was present was 
inexplicable. Under conditions totally different from those used 
by the author, Hoar and Havenhand? had stated that, of the 
steels tested by them, those with the greater copper/sulphur ratio 
were superior to those of lower ratio. Hudson,® however, showed 
that very similar correlation (in this instance, loss in weight) was 
obtained with the copper/phosphorus ratios of the same steels. 

As Mr. Jones would be well aware, steels containing both copper 
and phosphorus had been advocated by American workers for 
superior corrosion resistance. The careful observations of the 
author certainly did not bear this out in all cases, and it appeared 
that the copper-phosphorus relationship in steels, more particularly 
with regard to corrosion resistance, must be examined further. 
The very different results obtained by various workers had been 
illustrated at this Meeting, since Mr. Britton had shown the im- 
proved corrosion resistance of copper-bearing steels with a high 
phosphorus content. In this case, however, complications were 
introduced by the presence of relatively high contents of other 
elements. 


Professor A. M. Portevin (Paris) wrote that the author was 
well advised to await the results of long-time tests in order to be 
able eventually to modify his preliminary conclusions, for the 
results which the writer had obtained in collaboration with Dr. 


1 §. C. Britton, this Journal, p. 161 P. 
2 T. P. Hoar and D. Havenhand, Journal of the Iron and Steel Institute, 
1936, Py I., p. 234. 
J.C. Hudson, ibid., p. 274. 
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Herzog, at the laboratories of the Aciéries de Pompey, were not 
entirely in agreement with the author’s results for tests of short 
duration (28 days). 
The following were some of the conclusions drawn : 
Atmospheric Corrosion.—The results of 28-day corrosion tests 
were not the same as those obtained at the end of one year or two 
years. According to the experiments made at the Aciéries de 
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Fie. G.—Effect of Phosphorus on the Rate of Marine Corrosion of 
Extra-Mild Steels. 


Pompey (air charged with dust and waste gases, SO,, H,S, from 
the decomposition of CaS in the slag) : 
0-12% P reduced the overall corrosion by 20-22% 
0-12% P + 0-45% Cu reduced the overall corrosion by 22% 
0:23%,P+048% Cu » » oo» » 32% 
0-30% P reduced the overall corrosion by 25% 
Thus, phosphorus decreased the atmospheric corrosion, a fact which 
did not emerge from the author’s 28-day tests. 
Corrosion in Soft Water and Sea Water.—The test conditions, 
particularly the humidity of the air and the temperature, caused 
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the corrosion resistance of mild steels to vary, especially when 
phosphorus was present. Thus, at 20°C. and with a relative 
humidity of 30-40%, 0-2% of phosphorus reduced the corrosion 
in soft water—Moselle river water—by 50% in intermittent tests. 
The same specimens, tested at 30° C. and with a relative humidity 
of 90%, no longer showed any superiority in the same corroding 
medium. 

The effect of phosphorus on corrosion by sea water (intermittent 
and spray tests) was represented in Fig. G; it would be seen that 
on exceeding 1°%, of phosphorus the protective effect was of the 
order of 50-75%. Of course, that content was too high for the 
practical use of such a ferrous material to be considered. In this 
case, owing to their short duration, the author’s tests had not 
brought to light this effect of phosphorus. 

He agreed with the author that chromium and silicon up to 
1% diminished marine corrosion by about 20-30%, and that phos- 
phorus, in the amount examined, namely, 0-15%, had little or no 
effect. 

Mechanical Tests.—The writer’s test results agreed with those 
of the author. With 0-3% of phosphorus the notch-toughness was 
only 1 kg.m. per sq. cm. (U.F.1 specimen). In steels of the Cor-Ten 
type, with 0-8% of chromium, 0-8% of silicon, 0-4°% of copper and 
0-1% of carbon, an addition of 0-15% of phosphorus raised the 
elastic limit by 12-15 kg. per sq. mm. and the tensile strength by 
5 kg. per sq. mm., the elongation and notch-toughness being hardly 
or not at all diminished by the phosphorus. 





AUTHOR’S REPLY. 


The AvutHor replied that he was extremely gratified by the 
interest shown in the subject matter of the paper as evidenced by the 
contributions to the discussion. 

Mr. Whiteley’s contribution was extremely valuable and his 
comments confirmed generally the main conclusions given in the 
paper. A low manganese content was selected for the experimental 
steels mainly on account of the fact that the maximum manganese 
content specified for most American structural steels of high 
phosphorus content was low. For most of the steels in the paper, 
the specified manganese content was 0:3%, but in a number of 
instances a companion series with 0-5°, of manganese was examined. 
Comparison of the results obtained on any two series of such 
steels failed to indicate any material influence on the extent of 
embrittlement of increasing the manganese content from 0-3°% to 


1 French standard test-piece. 
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0-5%. The greater brittleness shown by the steels of higher 
manganese content, quoted by Mr. Whiteley, was certainly due to 
the considerably higher phosphorus content of these steels and not 
to the higher manganese contents. For contents of manganese 
of the order of 1% the author would agree with Mr. Whiteley that 
the brittleness due to high phosphorus content was appreciably 
accentuated. It was also agreed that the deleterious effect of high 
phosphorus content would be more pronounced in sections rolled 
from large commercial ingots than in material taken from the 
small 18-lb. experimental ingots. The paper was not intended to 
be an exhaustive treatise on the subject of phosphorus in steel, 
but was confined to a study of the mechanical properties of steels 
of the structural type used in the rolled or normalised condition. 
The phosphorus was added as iron phosphide at the conclusion of 
the heat (as was the practice in making free-cutting steels in the 
open-hearth furnace) to a bath containing originally about 0-015% 
of phosphorus. No refining operations were carried out. 

Dr. O’Neill’s comments were very much appreciated, particularly 
his remarks with regard to the sensitiveness of these high-phosphorus 
steels and the consequent necessity for careful control during the 
various stages of manufacture. 

The question of the sensitivity of these steels was further 
emphasised by Dr. Reeve, particularly in relation to small variations 
in carbon content and in the normalising or finishing temperature 
of rolling. The difficulties involved in producing commercially 
satisfactory plates, sheets or sections in steels so readily rendered 
unsuitable for service by slight variations in manufacturing 
procedure, were easily realised. The information given by Dr. 
Reeve with regard to the welding of steels of the type under 
consideration was particularly valuable. 

Dr. Swinden had summarised in a very clear manner their 
views with regard to the manufacture, on a commercial scale, of 
structural steels of high phosphorus content. 

The author was greatly interested in the comments by Dr. 
Hudson on the corrosion tests, particularly the long-time tests 
reported by Lorig and Krause, showing the beneficial effect of 
phosphorus on plain carbon, copper and nickel steels. 

The conclusions given in the author’s paper were stated on 
p. 137 P to be based solely on the results of laboratory tests, as the 
results of long-time exposure tests were not yet available. It was 
possible that these further results, when available, would show 
more clearly the effect of phosphorus as demonstrated in the 
long-time tests of Lorig and Krause. It seemed unfortunate that 
these investigators did not include a chromium steel in their 
series, as the author’s chromium steel showed the least effect from 
the phosphorus addition. 

The author was in agreement with Dr. Hudson in regard to 
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the testing of a standard of reference with batches of corrosion 
tests. This was the usual practice at Stocksbridge, but was not 
done in the present work, as a direct comparison was aimed at 
between the low-phosphorus and the high-phosphorus steels in 
each series. 

An indication of the dates of exposure was given by the 
temperatures quoted for the outdoor exposure tests. The tests in 
Table III. were carried out during January, 1936, those in Table 
XVI. during April, 1936, and those in Table XIX. during October, 
1935. 

The question of the welding of these steels, raised by Mr. Turner, 
had been dealt with to some extent by Dr. Reeve in his contribution 
to the discussion, whilst the question of corrosion was dealt with 
by the author in his reply to Dr. Hudson’s contribution. 

The valuable contribution by Mr. Saklatwalla was much 
appreciated, particularly the data on long-time corrosion tests. 
As pointed out in the reply to Dr. Hudson, the comments in the 
paper on corrosion-resistance were based solely on results of 
laboratory tests, whilst a statement was also made that final 
conclusions could not be drawn until the results of long-time 
tests were available. The data presented by Mr. Saklatwalla 
certainly indicated the superiority of chromium-copper-silicon- 
phosphorus steels over other types of low-alloy steels for resistance 
to atmospheric and marine corrosion. 

Mr. Saklatwalla’s remarks confirmed the opinion that very 
accurate control of the analysis was necessary in order to obtain a 
reliable product when the phosphorus content was increased to 
the order of 0-1%. 

Mr. Britton’s contribution indicated the unfortunate position 
in regard to the corrosion testing of low-alloy steels, in that no 
laboratory test yet devised was capable of showing the relative 
merits of a series of materials under conditions of outdoor exposure. 
The Corrosion Committee also admitted that the relative order of 
merit obtained in one type of atmosphere would not necessarily 
hold for other types of atmosphere. It was unfortunate that 
Mr. Britton should quote the results of chromium-copper-silicon- 
phosphorus steels alongside one copper-chromium and three copper 
steels, as it became extremely difficult to assess the relative effects 
of individual elements in such a mixed series of materials. 

The author thanked Mr. Lewis and Professor Portevin for their 
contributions, both of which again emphasised the lack of correla- 
tion between the results of corrosion tests of different types on the 
low-alloy steels. He was interested in the temperature-humidity 
experiments of Professor Portevin, as he was of the opinion that 
these two factors were of the greatest importance in atmospheric 
and marine corrosion. 

The question of short-time corrosion tests which would re- 
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produce faithfully the results to be expected under conditions of 
long-time exposure was having the close attention of the Corrosion 
Committee. Some of this work was proceeding in the laboratories 
with which the author was associated, and it was hoped that the 
results of that work would provide a speedy and accurate answer 
to the general question of the relative corrodibility of the low- 


alloy steels. 
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SOME PROPERTIES OF COMMERCIAL 

STEEL SHEETS CONTAINING ADDITIONS 

OF COPPER, MANGANESE, CHROMIUM, 
AND PHOSPHORUS.* 


By 8S, C. BRITTON, M.A. (DERBy). 


(Figs. 1 to 6 = Plates II. and III.) 


SUMMARY. 


An examination has been made of six commercial steels in sheet 
form, having additions of one or more of the elements copper, 
chromium, manganese, silicon, and phosphorus. 

Atmospheric corrosion tests on small samples at Derby showed, 
after 300 days, reductions in the rate of corrosion over that of a 
steel of ordinary quality, containing 0-09% copper, of 30-32% for 
additions of chromium, copper, phosphorus, and silicon, 19-22% for 
additions of copper and chromium, and 12-14% for additions of 
copper with or without manganese. When the steels are painted 
there is little difference in the time taken for rust to appear, but the 
high-phosphorus steels appear to advantage after rusting has made 
some progress. 

Sheets having additions of copper with chromium, manganese or 
chromium, silicon and phosphorus all had good mechanical pro- 
perties, the ductility of the steels with high contents of silicon and 
phosphorus being equal to that of the others. All showed a slight 
reduction in ductility and an increase in hardness on ageing after 
strain, but in no case was this sufficiently marked to affect the 
practical usefulness. The greatest tensile strength was associated 
with the manganese addition, but considering both the mechanical 
properties and corrosion resistance, steels with additions of copper, 
chromium, phosphorus, and silicon together seemed to be the most 
promising of the types tested. 

Cupping tests seemed to be the most satisfactory method of 
following the course of ageing effects in sheet, although tensile 
test measurements gave corroboratory evidence. An attempt to 
produce the necessary strain with the Erichsen machine was reason- 
ably successful, and thus the whole of the mechanical part of the 
test can be carried through with it if desired. 


INTRODUCTION. 


An obstacle in the way of weight reduction by the use of thinner 
sections of higher-strength steel is that, unless the corrosion resistance 
increases pari passu with the mechanical properties, maintenance 
and replacement costs may be increased. During a visit to the 
United States of America in 1935, Sir Harold Hartley, Vice-President 
and Director of Research of the London, Midland and Scottish 
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Railway, was impressed by the attempts being made to deal with 
this problem by the use of a steel containing small additions of copper, 
chromium, phosphorus, and silicon. The investigation described 
below was therefore undertaken in order to assess the superiority 
of such steel over related alloy steels and over the steels in ordinary 
use on the L.M.S. Railway. 


PUBLISHED INFORMATION. 


The addition of copper alone to low-carbon steels in order to 
improve the resistance to atmospheric corrosion is now well estab- 
lished. The tests which are now being carried out by the Corrosion 
Committee of the Iron and Steel Institute indicate that 0-2% of 
copper may increase the resistance to normal atmospheric corrosion 
of bare, undisturbed steel by 20-30% . 

The effect of combined additions of copper and chromium on the 
mechanical properties has been discussed by Schulz and Buchholz ®? 
and by Jones. Copper-chromium steels have found commercial 
application in forms having a tensile strength, as rolled, of 35-40 tons 
per sq. in. Their resistance to atmospheric corrosion has been 
found to be little different from that of other steels, otherwise 
similar but lacking chromium,» although there is some evidence 
that the chromium may produce a slight improvement” (loc. cit., 
p. 164). Additions of copper and manganese are also used commerci- 
ally to produce steels with a tenacity of 35-40 tons per sq. in., but 
the corrosion resistance of this material appears to be much the same 
as that of similar steel with a normal manganese content.‘ 

The use of steels containing up to 0-2°% of phosphorus has been 
explored in Germany. Daeves describes the successful use of 
steels with 0-2°% of copper and 0-12°% of phosphorus for railway 
sleepers, and gives atmospheric corrosion test figures which suggest 
that the relative rates of corrosion of ordinary steel, copper steel, 
and copper-phosphorus steel are 100, 73, and 46, respectively. The 
German copper-phosphorus steels are claimed to have tensile strengths 
of 32-36 tons per sq. in. and a Charpy impact value of 10-12 m.kg. per 
sq.cm.® The superiority in corrosion resistance of high-phosphorus 
copper-bearing steel over ordinary copper-bearing steel is supported 
by the analysis made by Kendall and Taylerson of the extensive 
American Society for Testing Materials atmospheric corrosion 
tests. Lorig and Krause,“ in America, and Andrew and 
Swarup,7” in England, have produced experimental steels with 
properties which indicate that, provided that the carbon content is 
kept below 0-15%, steels containing up to 0-15°% of phosphorus can, 
by the introduction of other alloying elements, havewxcellent tensile 
properties and high impact values. Aluminium appeared to be the 
most effective additional element, but copper also was beneficial, 
and, as shown in experiments conducted by Andrew and Swarup,“!? 
promised to confer increased corrosion resistance. 
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A steel containing copper, chromium, and high contents of silicon 
and phosphorus has been developed commercially in America under 
the name “ Cor-Ten,” and has been the subject of several publications 
in that country. }” An analysis of a sample of this material 
appears in Table I. A yield strength of 22-27 tons per sq. in., a 
tensile strength of 29-34 tons per sq. in., and an Izod impact value 
of 60 ft.lb. are claimed. An advantage in corrosion resistance in an 
industrial atmosphere over good plain steel of four to six times is 
suggested by experiments made over a period of two years,‘® !” with, 


TaBLE I.—Details of the Steels Tested. 























| AJQ. AJW. | 
| | American AJR. British AJX. AJU. AJV. 
| | Copper- | American | Copper- British British British 
| Chromium,| Copper- |Chromium,| Copper- Steel of Steel of | 
High- |Manganese} High- Chromium | Ordinary | Ordinary | 
| Phosphorus; Steel. Phosphorus; Steel. Quality. Quality. | 
| Steel. Steel. | 
| Carbon. % 0-12 | 025 | 0-040 | 015 | 0-09 | 0-06 | 
| Silicon. % 0-86 0-19 0-94 0:07 0-05 Trace | 
Manganese, %. 0-27 1-34 0-24 0-65 0:48 0-38 | 
| Copper. % |. | 0-41 0-27 0-42 | 0-31 0-22 0-09 | 
PP /o 
| Chromium. %. | 1:15 Trace | 0-80 0-65 Trace | Trace 
| Sulphur. % : 0-025 0-012 0-016 0-028 0-04 0-026 | 
| Phosphorus, % 0-163 0-020 0-173 | 0-040 0-016 0-017 | 
Aluminium. % 0-002 | 0-003 0-001 0-001 | 0-001 | 0-002 








| 

Thickness of 

sheet. In. - | 0-072 0-072 
| 














| 0-040 | 0-035 | 0-060 | 0-065 | 
| Grain Size. 
| Inherent * 3! 4-5 >t | 8s fT €7 jas 
| Actual . 7 | 8 | saa 8 3 | 1 
| Vickers Hardness. | | | 
| Asreceived . ‘is ele 137 110 123 
| After stress | | 
| relief at | | 
| 650° C, ‘ 16E, Wy AGG] GABD | 9 -ASBing {AOE « | 87 


* No. 1-5 coarse, 5—8 fine, in McQuaid-Ehn test. 
+ Some isolated areas with grains > 1. 


in addition, a resistance to salt spray or to acid mine-water three 
times as good as that of plain steel.“ 

Schramm, Taylerson, and Larrabee“ claim that Cor-Ten is 
proving superior to ordinary copper-bearing steel for coal wagons 
under ordinary service conditions, and they give measurements 
made on wagons in which coal was stored continually for six months 
showing that Cor-Ten suffered only half the loss which ordinary 
copper-bearing steel suffered. 

Andrew and Swarup” prepared an experimental steel, with 
a composition similar to that of Cor-Ten, which had satisfactory 
mechanical properties. In a six months’ atmospheric corrosion test 
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at Sheffield, the ratio of the weight loss of this steel to the weight loss 
of a plain carbon steel of normal phosphorus content was 41:58. The 
introduction of copper with high-phosphorus alone produced corro- 
sion resistance similar to that of the Cor-Ten alloy, and rather better 
than that of normal copper-bearing steel. 

There is thus evidence from England, Germany, and America 
that high-phosphorus in combination with copper may produce 
steels having good mechanical properties and a corrosion resistance 
somewhat greater than that of ordinary copper-bearing steel. The 
investigators who have dealt with this influence on the corrosion 
resistance have all suggested that the beneficial effect is due to a 
development or increase of the protective quality of the rust layer 
which forms on the steel. 


LABORATORY INVESTIGATION. 


(a) Materials. 


Six steels, all commercial products in sheet form, have been 
examined. Their compositions, grain size and hardness values are 
shown in Table I. 

The two materials with high phosphorus contents have a remark- 
ably coarse “inherent ” grain size, which would normally suggest a 
relatively low impact resistance. Erichsen test results shown in the 
last column of Table ITI., however, indicate no shortage of ductility. 
Specimens AJQ, AJR, and AJV undergo a notable decrease of hard- 
ness on heating, which indicates that they are slightly strain-hardened 
due to rolling. Figs. 1-6 show typical microstructures of the steel 
sheets as received. 


(b) Resistance to Atmospheric Corrosion—U npainted. 


Eight specimen samples, 3 in. x 2in., of each of the six steels as 
received were cleaned by grinding, all being finished on No. 0 English 
emery cloth. All these specimens were exposed together in April, 
1936, on the laboratory roof at Derby at an angle of 45° to the 
vertical. They were secured by a single steel screw to a wooden 
frame in such a manner that a strip 0-25 in. in width at the top of 
the back of each plate was in close contact with wood. The 
remainder of the surface was fully exposed. At intervals a repre- 
sentative specimen of each steel was removed and examined, and 
the loss in weight was determined after de-rusting in the hydrochloric 
acid solution devised by Clarke."® Fig. 7 shows the results up to 
February 8, 1937, in graphical form. For the first 40 days, the 
difference between the amounts of corrosion suffered by the varjous 
steels is trifling. This period was apparently sufficient to develop 
the characteristic forms of rust film on them, and striking divergences 
appear subsequently. The two steels AJQ and AJW, high in 
phosphorus and silicon, show a clear superiority over the other 
steels. Steel AJX, containing copper and chromium, has a distinct 
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advantage over steel AJ U, which has no chromium, and AJU in turn 
is superior to AJV, containing less copper. 

The small number of steels examined and the considerable 
differences in analysis between them make it rash to use these tests 
to single out any one element as beneficial or prejudicial to corrosion 
resistance. It may be noted, however, that the general trend of 
the results accords with the published work, referred to earlier, on 
the beneficial effect of additions of copper and its enhancement by 
a high phosphorus content. 

The manner in which the several corrosion-time curves diverge 
after an initial similarity suggests strongly that the differences between 
the various steels are due to the characters of the rust layers which 
form upon them. The measurements made since the end of August 
show a slight increase in the corrosion rate for all steels, no doubt 
owing to a slight increase in the rainfall and to a winter increase in 
the atmospheric pollution and in the number of days of high humidity. 
This sensitiveness to external conditions of the rate of corrosion 
of all the steels suggests that the protective value of all the rust 
coats has reached a maximum. If this is so, the relative rates of 
corrosion of the various steels are likely to remain much as they are 
now. The total loss in weight after 300 days and that during the 
last 212 days of exposure, which give some idea of the present rates 
of corrosion, are shown in Table IT. 


TaBLeE II. i.—dimeapheric Corrosion Teste. 


Loss in Weight. G. 




















Steel. Total in 300 Days. | During last 212 Days. 
= ny =i el oe 
| | Actual. “| Rave, Actual. sree. 
| AJQ  (copper-chromium, | | | 
high-phosphorus) .| 3388 | 70 | 2122 68 
AJR (copper, high-man- 
gancse) 4225 | 87 2-674 86 
5 fe (copper- chromium 
igh-phosphorus) . 3-405 | 70 2-160 69 
AJX (copper-chromium) . 3884 | 81 2-411 78 
~~ U (plain steel with 
| 0:2% copper) . .| 4-279 88 2-681 86 
AJV (plain steel) . ‘ 4-832 100 3-108 100 
| | << ee 








Steel AJV is taken as a standard for comparison purposes, as, 
although it actually contained 0-1% of copper, it was taken from a 
stock of ordinary steel sheets and thus represents present usage. 
Doubtless even 0-1% of copper will cause some reduction in the 
corrosion rate, and this must be remembered in comparing these 
with those of investigations in which steel free from copper may have 
been the standard. 
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The actual amount of rust adhering to the specimens removed 
was determined, and, in general, was found to vary between the 
different steels rather as does the loss in weight after cleaning. 
There was no special tendency for more rust to cling to one type 
of steel than to another, nor was there any visible difference in 
character between the rust layers on the various steels. No doubt 
the true difference in quality is seated in a thin layer adjacent to the 
metal, a high phosphorus content perhaps assisting in some way the 
consolidation of the copper-oxide-rich rust against the metal, shown 
by Carius and Schulz “® to be responsible for the special behaviour 
of copper-bearing steels. 

On steel AJW, the rate of corrosion seems to have been appre- 
ciably reduced after 40 days, when the weight of adherent rust was 
0-61 g., but a weight of 2-77 g. after 200 days has not effected any 
further substantial alteration. It seems likely, therefore, that, in 
service, as long as vibration or abrasion are not sufficiently severe 
to remove all the rust coat, the relative corrosion resistance of the 
various steels, used unprotected, would be similar to those found in 
the test. Ifthe rust were completely and frequently removed from all 
or part of the surface, or if the metal were painted, the result might 
be quite different. In the case where the rust is removed, the initial 
rate of corrosion should be the determining factor, and the indications 
of the early periods of exposure to the atmosphere are that there 
might be little difference in corrosion behaviour between the various 
steels. The question of painted steel has been the subject of other 
experiments, and is discussed separately. 

(c) Resistance to Corrosion.—Spray Tests. 

An apparatus similar to that described by Hatfield and 
Shirley “® was used to determine the corrosion-time curves for the 
six steels. The spray used was 0-01N sulphuric acid, as this, when 
used intermittently, has been found to give results comparable with 
the effects of short exposure to an atmosphere of normal urban 
pollution.?” The experiment was carried on only until rust began 
to fall away from the specimens in some quantity. Two pieces of 
each steel were employed, and these were weighed at intervals 
complete with rust. (Until the rust begins to leave the metal, the 
gain in weight in a spray test of this type gives a fair idea of the 
amount of corrosion.) 

There were marked differences in the rate at which the various 
steels became covered with rust, but once the latter completely - 
covered the surfaces, the rate of corrosion appeared to be substanti- 
ally similar for all the steels. When rust had begun to fall away 
from the specimens they were freed from rust and weighed. 

The results, considered with those obtained in the atmospheric 
exposure test, show that neither the spray test nor the short-period 
exposure test gives a satisfactory indication of the long-period 
behaviour of the bare steels. Moreover, the spray test used did not 
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give, for these steels, a reliable indication of their behaviour in the 
atmosphere even for a short period. 


(d) Resistance to Atmospheric Corrosion—Painied. 


Comparison of the value of steels which may be used painted calls 
for a consideration of the corrosion effects associated with the various 
ways in which paint is employed in practice. The corrosion resistance 
of the steel used may affect : 


(1) The frequency of painting in constructions where an 
attractive surface is maintained by painting. 

(2) The loss of metal at locally damaged parts of paint films, 
which, not being sufficiently conspicuous to detract seriously 
from the appearance, may remain bare until the next scheduled 
repainting. 

(3) The loss of metal from constructions which are painted 
when new but are never again repainted. 

(4) The loss of metal and the frequency of painting when 
paint is applied for protection and is not renewed until rusting 
is well advanced. 


For situations in which conditions (2) and (3) , and probably (4), 
are paramount, a corrosion test for a long period with bare metal 
should reveal the most promising steel to use, since the conditions 
in the long run are those of unpainted steel. When condition (1) is 
the principal consideration, the rust layer on the steel is presumably 
never allowed to develop to an extent such that any of its special 
properties become apparent, and, possibly, the best guidance 
obtainable from short-time tests is a comparison of the rates at which 
steels begin to rust in the bare state. It should be remembered, 
however, that the appearance of structures is often preserved on 
one side only, whilst on the other side an initial painting is all that 
the metal receives. The choice of steel then depends on the amount 
of corrosion expected on the neglected side. 

The experiments made with painted steel have taken two forms : 

(1) Simple Exposure Test—Two sets of panels, 18 in. x 10 in., 
both containing one representative of each of the six steels examined, 
were prepared by the method standardised for London, Midland and 
Scottish Railway carriage panels, and were brush-painted with a 
standard priming paint (iron oxide with small additions of zine 
oxide and aluminium in a linseed oil vehicle). One side of each 

_ panel received two coats of the primer, the other only one coat. One 
set of panels was exposed on the roof of the Derby laboratory at an 
angle of 45° to the vertical with the double-coated side uppermost, 
and the other set was exposed at Menai Bridge. -= 

After exposure for 26 weeks, the upper surfaces of the Derby 
panels all had some rust on the bottom two inches, which under the 
conditions of exposure tends to be an excessively wet part of the panel. 
After a further 4 weeks, small particles of rust could be perceived all 
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over the upper surface of the panels, sufficient to cause a slight 
disfigurement. There was nothing to choose between the steels in 
regard to the time taken for this rust to appear, but differences have 
since developed with the further progress of rusting. After 38 
weeks, the high-phosphorus steels have a small but distinct superi- 
ority in appearance over the others, of which the plain steel AJV 
and the high-manganese steel AJR have deteriorated most. The 
observations indicate that, so far as painting for appearance is 
concerned, there may be little to choose between the steels, but that 
if, as is often the case in painting for protection, considerable rusting 
is allowed before repainting, the high-phosphorus steels may have 
some advantage over the others. 

The panels exposed at Menai in June, 1936, were found to be in 
good condition in September. Further examination in February, 
1937, revealed slight rust on all of them except AJV, the plain 
steel, and if repainting for appearance were being considered, they 
would have had then to be repainted. The superior condition of 
AJ V is curious, since at Derby this steel had the poorest appearance. 
The fairest conclusion seems to be that, considering the early develop- 
ment of rust, the differences in composition of the steels make less 
difference than variations in the paint application to the different 
panels, although it is possible that the relative behaviour of the steels 
is not the same in the marine atmosphere at Menai as it is in the 
urban conditions at Derby. 

(2) Accelerated Test.—Since the first phase in the production of 
rust on a painted surface is probably a deterioration of the paint film, 
an attempt was made to obtain a more rapid estimate of the relative 
values of the steels when painted by subjecting painted specimens 
to a preliminary treatment before exposing them to the atmosphere. 
Plates, 8 in. x 3-5 in., of each of the six steels were treated in a 
similar manner to the large panels described above, and were then 
submitted to intensive exposure for 10 weeks to moisture, heat, and 
ultra-violet light in a ‘‘ weatherometer,” used in the L.M.S. Paints 
Laboratory to accelerate the decay of paint films. They were then 
exposed on the roof of the Derby laboratory in the same way as the 
other panels. All of them rapidly and similarly developed visible 
rust on the single-coated undersides, and after 6 weeks some rust 
became apparent on the upper surfaces. Rusting has progressed 
slowly, but after 23 weeks’ exposure the paint is still firm over most 
of the surface, and there is still nothing to choose between the 
various steels. 


(e) Mechanical Properties.—Strain-Ageing Experiments. 

Bolsover ‘!® showed clearly that a high phosphorus content in 
plain carbon steels may produce susceptibility to strain-age-em- 
brittlement, but information as to the behaviour in this direction of 
alloyed high-phosphorus steels was lacking. The physical investiga- 
tion of the six steels has therefore been directed principally to a study 
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of the ageing effects following cold-work, in the course of which, 
however, most of the ordinary mechanical properties have been 
determined. 

The strain-ageing of steels with small additions of copper and 
chromium and of manganese has been studied by Rétscher and 
Fink“ and by Maurer and Heine.» Neither type of steel showed 
serious susceptibility to embrittlement, the copper-chromium steels’ 
being very satisfactory in this respect. 

Two types of straining have been used : Cold-rolling, and cupping 
in the Erichsen machine. The ageing effects were determined by 
Erichsen tests, hardness tests, and tensile tests. 

(1) Straining with the Erichsen Cupping Machine.—Specimens 
were cut from the various sheets as received, and by experiment 
the depth of cup which, when pressed in the Erichsen cupping test 
machine, corresponded to a reduction of sheet thickness of 10-15% 
at the area of maximum strain, was found. Further specimens 
were then pressed to this extent, aged for 30 min. at 250° C., replaced 
on the Erichsen machine, and tested to destruction. The results 
are shown in Table III. 


TaBLE III.—Strain-Ageing Tests in the Erichsen Machine. 























H _ | Cup Depth to| Cup Depth to| 
| Soteoreheion’| ‘Thidkwers Fracture with | Fracture mit 
593 for Ageing. | of Sheet. Fm gl EE | 
— | =. Om, Cm, | 
AJW (copper-chromium, 0-4 | 0-040 0-835 0-860 | 
high-phosphorus) | | | 0-885 0-875 
| | 0-855 0-750 
AJX (copper-chromium) | 0-4 | 0-035 0-670 0-670 
| 0-685 0-660 | 
| | 0-695 0-665 | 
AJU (0-2% copper) | 05 | 0-060 0-840 0-775 | 
| | 0-880 0-850 
| | 0-870 | 0-800 
AJV (0:09% copper) | O58 | 0-065 0-920 | 0-850 
| | 0-920 | 0-850 
| 0-890 | 0-840 
AJR (1:34% manganese) | 0-5 | 0-072 | 0-990 | 0-990 
| | 1-000 | 1-040 
| | 1-033 | 1-010 
AJQ_ (copper-chromium, | 05 | 0072 | 1:070 | 0-990 
high-phosphorus) | 1050 | 0-990 
| 1-050 | 1-000 


Some scatter in the results obtained with the aged specimens 
was inevitable, owing to erratic replacement in the machine, but the 
general tendency of the results is not in doubt. None of the steels 
shows any serious loss in ductility on ageing. It is also evident that 
the ductility of the high-phosphorus steels is satisfactory. 

(2) Straining by Cold-Rolling—Strips of the various steels were 
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TaBLE IV.—Strain-Ageing after Cold-Rolling to Reduce Thickness 
by 13%. 











es recee oc, else ——_———_—_.——— 
| ‘Thick- | Erichsen Cup Depth. Cm. | Vickers Hardness Numbers. | 
wee — : “ ; - oT 
ested | | | 

Steel. after | | as | Aged | Before meal 
| Reduc- | AsCold- | Aged 30 min. | Gojq 30 min.| Cold- | Relief 
tion. Rolled. | at250°C. |,9°3| at | Roll- 

tari } | Rolled |250°C.| ing. Pee 

| | | | 850°C 
| AJU (0-2% copper) 0-053 | 0-810 0-820 | 0-790 0-810 147 | 151 110 | 104 | 
| 0-800 
| AJV (plain) 0-058 | 0-945 0-945 | 0-935 0-920 | 141 152 | 123 87 | 
| AJW (copper-chro- | 0-026 | 0-€88 0-675 0-645 0-635 | 203 204 | 151 150 | 
| mium, high phos- | 0-685 0-625 | | 
| _ phorus) | | | | | | 
| AJX (copper-chro- | 0-030 | 0-565 0-580 | 0-545 0-535 | 213 223 137 | 136 
mium) | 0-590 | -0-530_0-530 | | | 
| AJQ (copper-chro- | 0-064 | 0-895 0-885 0-835 | 216 225 | 171 157 | 

mium, high-phos- | 0-855* 0-860* | 0-800 0-790° | | | 

| phorus) | 0-865* 0-800* 0-780* | | | 
| AJR (copper-man- | 0-067 | 0- 940 0-950 | 0-820 0-790 221 236 | 193 167 | 
|  ganese) } | 0-830 | | | 
AJ V2 (plain) ¢ 0-058 ose | ose } 151 | 162 | 120 | 104 
| 








* Cold-rolled in the direction of original rolling 
+ AJV2 was a second sheet taken from the same supply as AJV, having C 0-08%, Si 0-:02%, 
Mn 0-36%, S 0-035%, P 0-039%, Cu 0:04%. 
TaBLE V.—Strain-Ageing after 13% Reduction of Thickness by 
Cold-Rolling. 


_Tensile tests carried out with test-pieces to B.S.S, 485-1934. 
































| | sgW. | _AJQ. | AJR 
| e 3 AJ V2.* | (Copper- (Copper- , ~ 
| Steel : (Plain.) | m i, Chromium- | Chromium- | ae ol ) 
| | Sree: see ))Phosphorus.) | ng ‘ 
| Sheet thickness after re- 
| duction. In. 0-058 0-030 0-026 | 0-063 0-066 
| Yield stress.t ‘Tons per | 
sq. in. | } 
After reduction ° . | 25-4 25:6 | 34:2 32-6 | 35-3 35-2 | 38-4 38-0 | 45-7 44-4 
After reduction and age- ls | | 
ing 30 min. at 250°C. | 25-9 26-5 | 33:7 37-6 75 37:9 | 39-4 40-9 | 49-4 51-2 
As received ‘ : 140 | 22-1 ix 208 | 246 13 | 
Max. stress. ‘Tons per | | 
sq. in. : | 
After reduction . . | 2555 25-6 | 35°55 33-6 | 35:7 35-4 | 39-1 38-2 | 47-7 46:3 
After reduction and age- | 
ing 30 min. at 250°C. | 27-8 27-4 | 33-7 37-5 | 38:3 38-9 { 39-5 41-2 | 506 52-4 
As received f 206 | 300 (| 290 | 31-7 40: | 
Elongation on 8 in. %: | } | 
After reduction . 24 35 28 24/ 19 19 35 8645 34 50 
After reduction and age- 
ing 30 min. at 250° C. 5-3 6-4 11 10 | 3-4 1:3 3-2 2-0 4:5 2-8 | 
As received Sie SFO) IBS AN CIO of) LIS) RES el 
Ratio of yield load to max. | | | | | 
oad. %: } 
After reduction . | 996 100 | 96-0 97-0 | 98-9 100 | 982 99-5 | 95-7 95-9 
After reduction and age- | | | | | 
ing 30 min. at 250°C. | 93-0 96-7 |100 100 97-8 97-3 | 99-7 99-2 | 97-5 97:8 
Asreceived . .| 679 | 737 17 | 5 | 778 | 
| | 1 [= 








* AJV2 was a second sheet taken from the same supply as as AJV, but differing { from it ‘slightly i in 
analy: sis and in the degree of strain hardening as received (see Table IV oe 
+ Yield point indicated by movement of beam at uniform rate of loading. 








172 P BRITTON: PROPERTIES OF STEEL SHEETS CONTAINING 


reduced 13% in thickness (3.e., an extension of 15%) by cold-rolling. 
Tests were made on the deformed material before and after an ageing 
treatment at 250°.C. for 30 min., by the Erichsen cupping test, by 
hardness tests (both recorded in Table IV.) and by tensile tests 
(Table V.). The strips used for tensile tests were cold-rolled in a 
direction parallel to the original rolling direction and the test was 
also made in that direction. For the other tests the cold-rolling 
was perpendicular to the original rolling direction. 

The results contained in Tables IV. and V. show that all the steels 
exhibit a slight ageing effect, but that in none of them is it sufficiently 
severe to cause any practical difficulty in the use of such sheets. 
It is quite evident that the high-phosphorus steels, at least in sheet 
form, have no greater susceptibility than the others to age-embrittle- 
ment. 

Of the three methods used to follow the ageing effects, Erichsen 
cupping appears on the whole to be the best practical method for 
sheet material, as it is difficult to interpret the practical significance 
of small changes in hardness and tensile strength, whereas a satis- 
factory cup depth after ageing gives confidence. It is satisfactory, 
however, that, with the exception of the elongation measured 
on AJV2, the hardness, Erichsen cup depth, maximum stress, 
yield stress and ductility measurements are in fair agreement in 
— that there is a definite but small ageing effect for all of the 
steels. 

In the case of every steel the yield point (as indicated by move- 
ment of the testing machine beam) was just as indistinct after 
ageing as with the freshly cold-worked material, and appeared under 
a load very close to the maximum. This supplies some further 
confirmation that ageing effects are slight, since steels susceptible to 
them tend to redevelop a distinct yield point on ageing after strain.°” 

Tensile test results on the materials as received are included in 
Table V. They confirm expectations derived from the analyses of 
the steels. The two materials high in phosphorus and silicon have a 
superiority in tensile strength over the plain steel of 50%, which, 
when considered with the promise given of above 30% advantage 
in resistance to atmospheric corrosion, is very satisfactory. The 
copper-chromium steel AJX is their equal in tensile strength, but 
has a lower ductility (a fact confirmed by the Erichsen tests), and 
does not promise the same corrosion resistance. 

As a further test of the resistance to shock and to strain-age- 
embrittlement of the steels high in phosphorus, they were treated by 
some of the operations which would in service make any defect in 
this direction serious. Sheet reduced 13% by cold-rolling and aged 
at 250° for 30 min. or at room temperature for six weeks could be 
punched without any indication of brittleness. Holes ,*, in. in dia. 
were also punched in sheets in the as-received condition, which 
were then aged at 250° for 30 min. Pieces of the sheets could be 
riveted together or screwed to wood, even when these operations 
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placed unusually high strain on the metal, without causing any 
cracking to appear at the punched holes. 
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DISCUSSION. 


Mr. J. A. Jones (Stocksbridge) said the subject-matter of the 
paper bore a close relationship to that of the paper which he had had 
the pleasure of presenting earlier. The forms of the material dealt 
with ‘in the two papers were quite different, and that might, to a 
degree, account for some of the apparent differences in the con- 
clusions arrived at by Mr. Britton and himself. Mr. Britton pointed 
out, and rightly, that the considerable difference in analysis between 
the steels used for his investigation made it somewhat difficult to 
judge the effect of any one single element on the properties of the 
steels. Personally, the only criticism which he had to suggest was 
that the author had not paid sufficient attention to that reservation 
in arriving at some of his conclusions. 

With a view to justifying that criticism, he would draw attention 
to the statement that the results indicated that the resistance to 
corrosion of copper-bearing steels was enhanced by a high phosphorus 
content. That statement was presumably based on the results 
obtained on steels AJQ and AJ W compared with those obtained on 
AJX. It was mentioned earlier in the paper that the two former 
steels had high phosphorus and high silicon contents, and he sug- 
gested that it would therefore be logical to conclude that the en- 
hanced corrosion resistance was due to high phosphorus and high 
silicon contents; but, in addition to that difference in composition, 
AJQ and AJ W had the possible advantage of a slightly lower carbon 
content and slightly lower manganese and sulphur contents, and the 
undoubted advantage of a higher copper and a higher chromium 
content. 

He would like to say a few words about the tests carried out by 
the author to determine the susceptibility to strain-age-embrittle- 
ment. The evaluation of susceptibility to strain-age-embrittlement 
by the method used by Bolsover and referred to by the author had 
been found in the Company with which he (the speaker) was 
associated, to agree remarkably well with the behaviour of those 
steels during manipulation or in service. It was realised, of course, 
that with the material used by the author, that test could not be 
applied. The method employed by the author was, he believed, 
somewhat novel in the use of the Erichsen test to evaluate suscepti- 
bility to strain-age-embrittlement. In view of the fact that none of 
the steels tested had shown any susceptibility to strain-age-embrittle- 
ment as judged by this test, he felt some doubt in accepting the 
conclusion that the steels were entirely free or equally free from 
susceptibility to strain-age-embrittlement. To justify that con- 
clusion, he would like to suggest to the author that it was desirable 
that tests should be carried out on a material known to be susceptible 
to strain-age-embrittlement, in the form of bar by the Bolsover 


1 This Journal, p. 113 Pp. 
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method of testing and in the form of sheet by the Erichsen test. He 
considered this all the more necessary in view of the fact that the 
results of examination by his own Company of commercial plate 
material, of somewhat similar analysis to that of AJQ, indicated 
extreme susceptibility to strain-age-embrittlement as judged by the 
method of testing to which he had referred, whilst tests carried out 
at the same time confirmed the reference made in the paper to the 
comparative immunity of the copper-chromium type of steel to 
strain-age-embrittlement. 

Referring to the last page of the paper, it might be suggested 
that the higher ductility figures obtained from AJW and AJQ— 
correctly termed, he would suggest, chromium-silicon-copper- 
phosphorus steels—than from the copper-chromium steel AJX were 
to be attributed to the high silicon content of the former steels. Con- 
firmatory evidence of that fact would be found in the paper which he 
had presented earlier that day. He was particularly interested to 
see the high ductility figures obtained for the manganese-copper 
steel given in Table V. At 40 tons per sq. in. the ductility figure 
approached very closely the figure obtained for the chromium- 
silicon-copper-phosphorus steel AJW at 29 tons per sq in. His 
own Company had definitely confirmed, in tests on a material of 
that type, that particularly high ductility values were obtainable in 
the manganese-copper structural steels. 


Dr. J.C. Hupson (Birmingham) said that the results of the author’s 
corrosion tests were particularly welcome, since they represented 
some of the first, if not the first, independent observations made on 
the corrosion resistance of the commercial American low-alloy steels 
which he had examined. Personally, he would be prepared to 
accept the results of the atmospheric corrosion tests given in Table 
II. as probably representative of those types of steel, at least in the 
Derby atmosphere. 

The author had alluded to the results for atmospheric corrosion 
tests on copper-chromium steels with a normal phosphorus content 
given in the Fourth Report of the Corrosion Committee. Further 
results for steels of that type would be available when the Committee’s 
Fifth Report was presented to the Institute in May 1938, and it 
should then be possible to reach some fairly definite conclusions. 
Meanwhile, so far as the Committee’s own results were concerned, 
the position with regard to the resistance of low-alloy steels to 
atmospheric corrosion was as follows. 

(1) Copper alone reduced the corrosion if present in amounts 
greater than 0-03%. The author was perfectly correct in assuming 
that the 0-09°% of copper present in his ordinary steel, AJ V, would 
reduce its corrosion. That was clear, for example, from the results 
of the early atmospheric corrosion tests by D. M. Buck,! who was 


1 Proceedings of the American Society for Testing Materials, 1919, vol. 19, 
Part II., p. 224. 
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largely responsible for the commercial introduction of copper-bearing 
steels. Buck concluded from those results that the maximum 
increase in the resistance of low-sulphur steels to atmospheric 
corrosion was obtained at precisely this percentage of copper, 
0-08 to 0:09%, but subsequent work had shown that a rather higher 
percentage, such as 0-2 to 0-3%, was desirable. 

The author’s remark that steel containing 0-1% of copper 
represented present usage required qualification. Although it was 
quite true that steel produced at works employing fairly high per- 
centages of scrap might have copper contents of that order, steels 
manufactured at other works using a large proportion of pig iron in 
the charge, as was the case in Lincolnshire, would normally have much 
lower copper contents, of the order of 0-03%. 

(2) Small amounts of chromium alone reduced the corrosion. 

(3) Small amounts of silicon reduced the corrosion slightly, 
possibly because a more solid steel was obtained. 

(4) Steels containing small amounts of both copper and chromium 
were somewhat superior to plain copper-bearing steels, at least in 
industrial atmospheres. 

The effect of phosphorus alone or in combination with other 
elements had not yet been investigated by the Corrosion Committee. 
In view of the marked interest in the subject, they might possibly 
consider it desirable to do this in the near future; meanwhile, as the 
author had stated, there was evidence in American, German and 
British publications that phosphorus might have a beneficial effect 
on the resistance of low-alloy steels to atmospheric corrosion. Mr. 
Jones’s results, as presented to the present meeting, did not appear to 
support that conclusion to a marked degree, but, as he had en- 
deavoured to show in the discussion on Mr. Jones’s paper, it might 
be possible to explain the apparent discrepancy. 

With reference to the author’s introductory remark that, if 
thinner sections of higher-strength steel were to be used, it was 
necessary that the corrosion resistance of the steel should increase 
pari passu with its mechanical properties, personally he thought that 
that might be an under-statement, and that the increase in corrosion 
resistance should be relatively greater. It was undoubtedly the 
opinion of practical men that thin parts wore away more rapidly 
pro rata than thicker ones. For example, in the First Report of the 
Corrosion Committee, on p. 25, the superintending engineer of a 
leading shipping company expressed the view that “there is no 
doubt something in the German theory that light parts waste more 
rapidly than heavy; the light parts probably bend and whip more 
and so throw off semi-brittle coverings of paint and rust, exposing 
a new surface to corrosion.” The same point of view had been 
expressed to him in a letter from Mr. Duncan Bailey concerning Mr. 
Bailey’s extensive experience with railway wagons. Mr. Bailey 
wrote: ‘‘ Assuming the life of }-in. thick sheets to be five years, one 
might assume that a plate, say, 3-in. thick would last three times as 
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long, but that is not what we find in actual practice. On the con- 
trary, we find that, whilst the }-in. thick plate may wear through in 
five years, the 3-in. thick plate will probably last thirty years.” 

The failure of ships’ parts and of railway wagon sheets was 
admittedly not entirely due to corrosion. It would, however, be 
remembered that Mears} had shown that thin wires corroded re- 
latively more rapidly than thick ones, and personally he thought it 
probable that the same might hold true for thin sheets, possibly 
owing to the increasing tendency for the rust to flake off with 
decreasing thickness of sheet. He should perhaps add, with refer- 
ence to the author’s remarks at the end of the section headed 
“* Resistance to Atmospheric Corrosion—Unpainted,” that he could 
conceive of no normal conditions of service in which vibration or 
abrasion would remove all the rust coat, since the most thorough 
seratchbrushing in the laboratory would not do so. In actual 
practice, the rust consisted essentially of a series of layers of hydrated 
iron hydroxides, as Girard * had shown, and there was a more or less 


- continuous flaking off and renewal of the outer layers, but the inner- 


most layers were never completely removed. 

It was very interesting to note that the author’s spray tests proved 
unsatisfactory; that had also been the experience of the Corrosion 
Committee, but the Committee had not yet given up hope, and further 
investigations on accelerated tests were now being undertaken by 
Mr. Stevenson in the Research Laboratories of the United Steel 
Companies under the direction of Dr. Swinden. 

Regarding Mr. Britton’s experiments on painted specimens, the 
superior condition of the paint on the low-alloy steels in the Derby 
tests was in agreement with observations made at Sheffield in the 
course of the Corrosion Committee’s tests. There it had been found 
that paints applied to stands made of copper-chromium steel were in 
definitely better condition after 2-5 years’ service than the same 
paints applied to ordinary steel stands; both sets of stands were 
weathered and scratchbrushed in a similar way. He would be glad 
if the author would kindly define in his reply the standard method 
adopted for the preparation of his painted panels, because that 
had a bearing not only on the actual results but also on the statement 
which he made on p. 169 P that “the first phase in the production of 
rust on a painted surface is probably a deterioration of the paint 
film.” The author would probably agree that that statement was 
only true if the steel base had been descaled or chemically treated 
prior to painting. The deterioration of a paint film, as such, when 
exposed to normal weathering agencies was a comparatively slow 
process. In the British climate the failure of paint applied to 
weathered and scratchbrushed steel surfaces, which still represented 
by far the most common practical procedure, was not primarily due 


1 R. B. Mears, Bell Laboratories Record, 1933, vol. 2, p. 141. 

2 A. Girard, “‘ Théses presentées & la Faculté des Sciences de |’ Université 
de Lille,”’ Dec., 1935. 
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to any deterioration of the paint film, but to the lifting of scale and 
rust beneath the paint, and was thus essentially the result of the 
unsatisfactory surface condition. 

The curves given in Fig. 7 referred to five points only, and, 
since the author had exposed eight specimens in all, presumably 
further data for the remaining three specimens would be available 
later; if so, their publication would be awaited with interest. 


CORRESPONDENCE. 


Professor A. M. Portevin (Paris) wrote that the results of the 
author’s 300-day experiments were in good agreement with those 
which he (the writer) had obtained with Dr. Herzog in the laboratories 
of the Aciéries de Pompey, as was shown by the data in Table A. 


TaBLeE A.—Comparative Average Corrosion Rates of Various Steels. 
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Comparative Average Corrosion Rates Calculated | 






































Principal Elements. from Losses of Weight. 
—— ae 
| Pompey. 
. Britton. 
C. Mn. Si Cu. Cr. ° = ta | ‘i 
% i %- % %- %- %- oo. 830 720 Remarks. 
i | | Days. | Days. | 
0-06 | 0:38 |'Trace| 0-09 |... | 0-017 | 100 | ... | «. | English steel, standard. | 
0-08 | 0-41 | 0-02 | 0-06 | s+ | 0-018 eee 100 | 100 | Pompey open-hearth steel, | 
| standard. 
0-04 | 0-42 | 0-01 | 0-10 0-058 | | 100 100 | Pompey basic Bessemer steel, 
| | _ standard. 
0-09 | 0-48 | 0-05 | 0-22 «+ | 0-016 88 ae English copper steel. | 
0-09 | 0-39 | 0-02 | 0-45 +» | 0-024 oes 84 100 | Pompey copper steel. | 
0-15 | 0-65 | 0-07 | 0-31 | 0-65 | 0-064 81 | | es | English copper-chromium | 
| steel. 
0-15 | 0-70 | 0-17 0-57 | 0-48 | 0-032 ey 20 | Pompey _ copper-chromium 
| | steel. | 
0-08 | 0-32 | 0-94 | 0-42 | 0-80 | 0-022 | aa | 74 | Pompey chromium-copper- | 
| | | _ silicon steel. 
0-04 | 0-24 | 0-94 | 0-42 | 0-80 | 0-173 a dee English chromium-copper- | 
| | silicon-phosphorus steel. | 
0-12 | 0-27 0-86 | O-4d1 | 1:15 | 0-163 | 7 a sm -. | American chromium-copper- | 
| | | |  silicon-phosphorus steel. 
| ! | | 








Such a comparison of classifications obtained by different experi- 
menters was extremely important, because the indications were 
often very variable; in the technical literature one could find 
decreases of atmospheric corrosion of 50% with 0-3-0-4% of copper, 
and with the new American Cor-Ten steels improved resistances 
amounting to 4-6 times that of ordinary steel were spoken of. Under 
European conditions of corrosion such results were apparently not 
obtained. 

As had been shown at Pompey, atmospheric corrosion took place 
primarily by pitting; this problem appeared to the writer to be 
more important than that of the reduction of the average corrosion, 
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although they were often mutually connected. In fact, he had 
obtained in one year pits 0-4 mm. deep, whereas the average cor- 
rosion was only of the order of 0-02 mm. In Table B, a comparison 
was made of the uniformity of attack of different steels with additions 
of copper, phosphorus, chromium and silicon; these showed : 

(a) The volume of the pits, expressed as the weight of paraffin wax 

filling the roughnesses and cavities of the surface. 
(6) The average and maximum depth of attack by pitting. 


Reference should be made to the examples shown in Figs. A and 
B, in which the profiles of corroded surfaces were reproduced. 
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Fia. A.—Pin Holes due to Atmospheric Corrosion; period, 2 years. Open- 
hearth extra mild rimming steel (standard); specimen taken from the 
middle of the ingot, 


The classification obtained showed the importance of phosphorus 
as an element which diminished the tendency to local corrosion; 
copper was less efficacious; chromium should also be mentioned as 
being of interest from this point of view. It should be mentioned 
that these specimens were inclined at an angle of 45°; the upper 
face, therefore, could dry rapidly and receive more dust than the 
opposite face, where the moisture was removed more slowly, being 
sheltered from currents of air. A few figures showing that the 
depth and volume of the pits were different on these two faces were 
given in Table B. 
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Fic. B.—Pin Holes due to Atmospheric Corrosion; period, 2 years, Steel 
with 0-12% of phosphorus. 


TaBLE B.—Dimensions of Corrosion Pits. 








he | 
Depth. Mm. 
| P Volume of Pits, 
———_______] expressed in Grammes of | 
Steel. | Face 1. Face 2. Paraffin Wax. 
Average Max. |Average.) Max. | Face 1. Face 2. 








2 Years’ Exposure. | 
Open-hearth steel, 
standard et - | 0-12 | 0-17 | 0-128 | 0-18 | 0-064 | 0-076 | 0-140 
0-4% copper steel, re- 
fined . . - | 0-14 | 0-20 | 0-120 | 0-23 | 0-060 | 0-066 | 0-126 
0-12% phosphorus steel | 0-09 | 0-14 | 0-130 | 0-16 | 0-038 | 0-060 | 0-098 
4-4% chromium steel . | 0-075 | 0-10 | 0-12 | 0-14 | 0-010 | 0-022 | 0-032 








11 Months’ Exposure. 
Basic Bessemer steel . | 0-092 


0-12 | 0-115 | 0-14 | 0-030 | 0-065 | 0-095 
0-3% phosphorus steel . | 0-06 | 0-0 


0-10 | 0-12 | 0-025 | 0-033 | 0-058 


~I bo 





























In conclusion, phosphorus in amounts up to 0-12 % improved not 
only the average attack, but also the tendency to pitting provoked 
by atmospheric corrosion. Daeves,! indeed, had already demon- 


1 Archiv fiir das Hisenhiittenwesen, 1935, vol. 9, p. 37. 
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strated that an improvement of 25% in the local corrosion was 
brought about by the addition of 0-1°%, of phosphorus. 

The cupping test, judiciously used by the author to determine 
the ageing, likewise gave evidence of the local corrosion; some 
examples were given in Table C. 














| ’ " ar | 
| "Cte | aston | ae 
a: % % | 
| Open-hearth steel, standard . 36 26 3-0 
| 0-4% copper steel, refined ; P 40 50 lee | 
| Chromium-copper steel - | 26 27 2-5 | 
2% chromium steel . : ‘ : | 20 0 1-5 | 
| | 











* dF = reduction of cupping load as a percentage of the original value. 
dm = loss of weight as a percentage of the original weight. 


It was necessary, of course, to beware of generalisations; the 
tests at Pompey had revealed the local character of the attack; ina 
different atmosphere it might well be otherwise, for it had been seen 
that that depended on the conditions under which the specimens 
were exposed. Local corrosion in different atmospheres deserved 
more detailed study, and collaboration between research organisa- 
tions and individual researchers was to be hoped for. 


Mr. F. Fancurt (Derby) wrote that, with regard to the exposure 
tests carried out on brush-painted panels exposed on the roof of 
the Derby laboratory, he was inclined to the belief that the break- 
down which had occurred was due to faults in the application of the 
paint rather than to the paint itself. In brushing panels of the size 
concerned in the experiments, even distribution of the paint was 
well-nigh impossible by means of the ordinary paint brush, and this 
fault applied not only to the paints concerned in the experiments 
conducted by the author, but also to brush paints in general, and for 
this reason he felt it was much more satisfactory that paints applied 
under the conditions as quoted should be applied by spray. The 
conditions under which these panels were exposed were conducive 
to rapid breakdown, and the wooden supports in which they rested 
were frequently sodden with water, thus giving rise to a creeping 
type of corrosion which would occur from edges which were not 
adequately protected. He did not think, therefore, that much 
importance should be attached to corrosion which commenced at 
the edges of painted panels, since with a panel of the thickness 
employed, i.e., about + in., it was almost impossible by ordinary 
means to afford adequate protection at these edges. The panels after 
painting were exposed in slats of wood, and being inclined at an 
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angle of 45° gave rise to the accumulation of considerable amounts of 
water during rainy periods; this, coupled with the chattering 
which occurred during a high wind, did definitely encourage 
breakdown at these points. 

The difference in the exposures carried out at Derby and Menai 
Bridge was very interesting and was borne out by similar exposures 
on other paints than the one employed in the series of these ex- 
posures carried out by the author, and he (Mr. Fancutt) could not 
help but think that the Derby tests had been rather the more 
severe owing to the presence of sulphur compounds in the atmosphere, 
coupled with the clinker and cinder which, through high winds, were 
blown on to the face of the panel. This deposit of clinker and cinder 
when once thoroughly wet did definitely encourage corrosive influ- 
ences, and he would be inclined in the present series to attach more 
importance to the Menai Bridge exposures than to the Derby tests. 


Mr. K. G. Lewis (Wolverhampton) wrote to ask Mr. Britton if 
he had any information with regard to his remarks on the use of 
thinner sections. He pointed out that this remark had also been 
suggested to Sir Robert Hadfield and Mr. Main. Dix, in America, 
had shown conclusively that the results of corrosion tests on re- 
latively thin sheet were no criterion of the behaviour of somewhat 
thicker sections, which might be used for structural purposes. The 
tendency with (low-) alloy steels, would, of course, be to use as thin 
a section as possible, and obviously there must be a critical thickness 
below which the combination of mechanical strength and corrosion 
resistance would fall away. Results obtained by the writer on 
sheet of 20 and 16 8.W.G., exposed in marine and in industrial 
atmospheres, showed, more particularly in the case of plain carbon 
steels, a remarkable decrease in mechanical properties in three years. 
Where such materials were going to be used, the contentions made 
elsewhere by Dr. U. R. Evans and Mr. Britton with regard to painting 
were well typified. There definitely appeared to be a marked 
danger zone when both strength and resistance to corrosion were 
required. Finally, could Mr. Britton shed any more light on the 
much discussed function of copper with phosphorus in the corrosion 
resistance of steels which did not contain some of the relatively 
high contents of other elements, which undoubtedly must affect 
his results ? 


AUTHOR’S REPLY. 


Mr. Britton replied that Mr. Jones’ recent experience with 
materials similar in composition to the steels dealt with in this paper, 
which made his remarks very welcome, had to some extent obscured 
for him the difference in objects with which he and the author had 


1 E. H. Dix, jun., Heng of the American Society for Testing Materials, 
1933, vol. 33, Part IL., p. 
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worked. The work described in the paper had been confined to 
materials which were commercial products, 7.e., steels which, pre- 
sumably after laboratory investigation such as that carried out by 
Mr. Jones, had proved to be the most promising of their respective 
classes. There was no intention of showing the effect of any indi- 
vidual element on the properties of steel, and remarks on the effect 
of phosphorus were confined to pointing out that the results were 
consistent with those of other workers who had studied the effect of 
variation in that element only. The author was not prepared to 
say more than this in reply to Mr. Lewis’ final question on the effect 
of phosphorus. 

He agreed with Mr. Jones that the strain-ageing tests carried out 
might not reveal susceptibility to reduction in impact resistance. 
Experiments carried out at Derby showed, for instance, that the 
change in hardness on straining and ageing could give a very uncer- 
tain idea of the change in the Izod impact value. He thought that 
there was a case for using a strain-ageing test which reproduced 
conditions likely to be met with in the manipulation and service of 
the material concerned, and he had endeavoured to test the sheet 
material used in his experiments with certain definite uses in view. 
He certainly intended, when suitable material was available, to com- 
pare the results obtained with Erichsen tests and with impact tests. 

The author appreciated the whole and agreed with the greater 
part of Dr. Hudson’s comments. The painted test panels were 
prepared by pickling with a phosphoric-acid/methylated-spirit 
mixture, and he agreed that if the paint had been applied over rusted 
surfaces, different results might have been obtained. 

With regard to the removal of rust by abrasion or vibration, 
although it was true that once rust had been undisturbed for some 
time, the inner layers became particularly adherent, yet when the 
disturbance occurred simultaneously with corrosion, an almost 
clean surface could be maintained. 

The copper content of sheets supplied as ordinary steel seemed 
to be very variable. The sheet with 0-09% of copper was taken 
as standard, because it was a random selection from stock, but it 
would certainly have been better to have included several sheets 
drawn from different sources of supply. 

Both Dr. Hudson and Mr. Lewis raised the question of the effect 
of a reduction of the thickness of the section on the life of material. 
The author could provide no first-hand instances drawn from the 
use of materials such as those dealt with in his paper, but could only 
refer to the uses which have been made of such steels in America. 
There, the reduction of section seemed to have been carried out 
to the full extent justified by the increase in yield strength of the 
copper-chromium-silicon-phosphorus steels, and, as far as the 
author had been able to ascertain, no evidence for a shortening of the 
life was yet apparent, although the reductions in section were more 
than his own corrosion tests could justify. 
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His view was that, although the rate of corrosion might not vary 
with the thickness of section as it did in the experiments of Mears 
with wires, where curvature of the surface was involved, flat sections 
would not usually have a life proportional to their thickness. In the 
‘first place, considering two plates of the same material which were 
scrapped on reduction of their thickness to } in., assuming that the 
rate of corrosion were constant, a plate 1 in. thick would last seven 
times as long as a plate } in. thick. There seemed, moreover, to be 
other factors which favoured the relatively more rapid failure of 
thinned sections : 


(1) The greater tendency of thinner sections to whip, and 
sometimes their increased rate of temperature change might 
cause rust and protective coatings to break away more readily. 

(2) Increased stresses in thinner sections, causing greater 
liability to corrosion-fatigue failure. 

(3) There was sometimes a high initial rate of corrosion, 
which subsequently fell. This seemed to have been the case 
in the light alloys studied by Dix, referred to by Mr. Lewis. 
If the steel was segregated, an initial period of corrosion at a 
high rate might penetrate in the case of thin sections to a more 
corrodible core, whereas the thickness of the outer zone in 
thicker sections might be sufficient to allow the corrosion rate 
to decrease before the core was reached. 

(4) Even if the average rate of corrosion for plates became 
almost constant, the rate of penetration of pits into the material 
often seemed in atmospheric corrosion to become slower. 


Clearly, in deciding what reductions of section were permissible, 
these matters must be taken into account; the nature of the service 
a and the types of steel employed were both concerned in 
them. 

The author hoped that Professor Portevin would continue his 
careful measurements of surface contours in order to determine the 
relation of the rate of increase in depth of penetration with the aver- 
age rate of corrosion. With regard to the materials described in his 
paper, the amount and depth of pitting seemed on superficial ex- 
amination, including Erichsen cupping tests, to vary rather with 
the average amount of corrosion after 300 days, but, after a longer 

riod, measurements would be made on the lines suggested by 
Professor Portevin, whom he thanked for the useful results con- 
tained in his contribution. 

Mr. Fancutt’s experience with painted panels exposed at Derby 
and at Menai gave weight to his remarks, but the author believed 
that, as far as his tests were concerned, the presence of wind-blown 
abrasives at Derby, which was the same for all panels, represented a 
feature desirable as representing practical railway conditions and 
one much less liable to cause individual differences between panels 
than the haphazard excretory activities of sea-birds at Menai. 


2 
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Of course, the primer applied to the panels did not receive a fair 
test under the conditions used, owing both to the large edge effects 
involved and to the absence of protection by outer coats resistant to 
abrasion, but the paint itself was in no sense under test. 

It might be noted that at Derby the tendency noted in the paper 
for the steels more resistant to atmospheric corrosion to preserve 
a better appearance in the painted condition when some rusting had 
taken place had been maintained after a further four months’ 
exposure. 
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ALLOY AND FINE-GRAINED STEELS FOR 
LOCOMOTIVE COUPLING RODS.* 


By HUGH O’NEILL, D.Sc., M.Mer. (DERBY). 


(Figs. 1 to 8 = Plates IV. and V.) 
(Figs. 14 to 35 = Plates VI. to X.) 


SUMMARY. 


The mechanical properties of heat-treated nickel-chromium- 
molybdenum and manganese-molybdenum steels which have given 
good service as locomotive coupling rods are discussed, and certain 
unusual features infrequently observed in the latter are described. 

One of these features is banding, and another concerns variable 
values for the Izod impact tests. The view is expressed that, owing 
to local heterogeneity on perhaps only a microscopic scale, some 
portions of the steel enter the A, transformation interval during tem- 
pering which has been conducted at a nominally correct temperature. 
The result is to produce transformed structures giving impaired Izod 
values in the affected localities. 

Manganese-molybdenum steels of controlled inherent fine grain 
size have furnished uniformly satisfactory results. Particulars are 
given of plain carbon steels of inherent fine grain size which yield 
practically the same mechanical test values as low-alloy steels and 
are giving satisfactory performance, both during manufacture and in 
service as coupling rods. Their Izod notched-bar values are notably 
high. 
Laboratory investigations of forgings from two commercial casts 
of fine- and coarse-grained plain carbon steel of a given composition 
suitable for coupling rods are described. The McQuaid-Ehn car- 
burising test has been compared experimentally with various other 
methods of inherent grain size determination. It was found to be 
satisfactory for differentiating these two casts of steel, though strain- 
hardened samples should be avoided. Methods involving a range 
of temperature are, however, perhaps more useful in general. A 
temperature-gradient chlorine-etching test has been developed for 
this purpose, which is rapid and suitable for laboratory purposes. 

As regards depth of carburising and decarburising, flame-cutting, 
machining and cold-working properties, no important differences 
were observed between these fine- and coarse-grained qualities. The 
hardness gradients in oil-quenched blocks were similar. The coarse- 
grained steel hardened more intensely and more deeply on water- 
quenching, however, and was slightly harder after oil treatment. 

The coarsening induced in both types of steel at 1000°C. is 
removed by subsequent heat treatment, but in one test made after 
soaking at 1230°C. for 4 hr. the fine-grained steel was not fully 
restored to its normal Izod value. Very high process temperatures 
of this order should therefore be avoided if very high Izod values are 
finally desired. 

Actual physical grain size per se is not considered to be the prime 
cause of the great differences in Izod value observed in the two 
types of steel. 





* Received February 15, 1937. 
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INTRODUCTION. 


The interest shown in a paper entitled “‘ Controlled Grain Size 
in Steel,” “” read before the last meeting of the Institute, has 
suggested that the observations made on inherent fine-grained steels 
by the present author’s Company may be worth recording. Since 
the employment of these steels on the London, Midland and Scottish 
Railway has developed from the use of certain alloy steels, an 
account will be given of some features of both types. 

Locomotive coupling and connecting rods are subject to buckling 
stresses from the piston, and to inertia effects when running at 
high speed. Slipping of the driving wheels imparts sudden dynamic 
stresses to coupling rods, and fatigue effects also arise. The present 
paper is not concerned with design, but engineers would probably 
agree that for the desirable weight reduction of these rods, materials 
of high tenacity °” combined with high resistance to fatigue, bending 
and shock are required. As regards the last point, it will be assumed 
that a high Izod notched-bar value indicates good toughness 
properties and resistance to the propagation of incipient cracks. 
Incidentally the L.M.S. has been running service trials for some years 
with aluminium-alloy rods, and the similar use of such material 
is also being studied in America,“ France and Germany. 


Section I.—Usr or Attoy STEEtLs. 


The weight reduction of coupling rods has most satisfactorily 
been obtained by the employment of alloy steels, perhaps the 
simplest of which, containing carbon 0-5%%, manganese 0-8% and 
vanadium 0-15-0-25%, is popular in America in the forged and 
normalised condition. With this treatment it is said to give a 
tenacity of 43 tons per sq. in. with a yield ratio of 65% and an 
elongation of 22% on 2 in. The presence of vanadium will ensure 
an inherent fine grain size, and consequently the impact values should 
be good. The alloy steels reported in Table I. are perhaps the best 
known in Britain for the details under consideration, and may be 
compared with ordinary plain carbon steel rods, which generally 
give 32-37 tons per sq. in. tensile strength with a yield ratio of 
50%. Considering work-hardening (and perhaps damping) capacity, 
however, a low yield ratio is not necessarily to be despised. 

In describing the satisfactory performance of rods made from the 
steel given in column 2, Table I., Gresley “ mentions that, although 
they buckle during heat treatment, any flaws which form are more 
apparent and detectable than in plain carbon steels. The Ni-Cr—Mo 
material detailed in columns 3 and 4, Table I., has excellent 
mechanical properties, and with proper manufacture is free from 
trouble. In this respect it is said that the steelmaker should add 
the molybdenum after the deoxidising alloys, and there are also 
views as to the composition of the molybdenum alloy. 

The method employed by the L.M.S. Railway to check the 
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properties of special rods is to forge a 5-in. x 2-in. test block upon 
them at one end. This is parted from the rod after the heat-treat- 
ment operation, and test-pieces are removed from standard positions, 
the longitudinal Izod specimen being taken at about } in. from one 
face, and 3} in. from its neighbouring face. Column 3, Table L., 


TaBLE I.—Tests in Oil-Quenched and Tempered Condition. 
























































| Ni-Cr Steel. Ni-Cr-Mo Steel. Mn-Mo Steel, 
paella tek ed ge ne 
peak | 
Specification Ex- y ) ) “a- 
BS. 3811. | ample.t Block A.) Rod ¥ oO pa 
| 
1 bi. Goi fee bl@eirefiontoe ® 
Carbon. %. 0-25-0-35 | 0:33 | 0-30 | 0-27 | 0-25 0-25 
Silicon. % . - | 0-30 max.| 0-21 | 0-15 | 0-20 | 0-16 a 
Manganese. % . | 0:45-0:70 | 0-60 | 0-58 | 0-49 | 1-56 1-60 
Nickel. % . : 3-3-75 3-4 2-43 | 2-53 | (0-08) Sas 
Chromium. %  . | 0:5-1:0 | 0:6 0-57 | 0-77 | (Trace) ay 
Molybdenum. %. | 0-65max.*| ... 0-68 | 0-34 | 0-30 0-25 
Sulphur. % See ag Mees 0-033 | 0-006 | 0-012 | 0-04 max. 
Phosphorus. % .|005 , | .. 0-030 | 0-011 | 0-034 | 0-04 ,, 
Yield point. Tons | | 
per sq. in. . cal A | (Spec.)} 45-0 |... 32-0 oa 
Yield ratio. % . “be | 80 81 ven 77 75 
Max. stress. Tons 
per sq. in. . ; 55-60 50 55:8 | 66:5) 41-5 | 40 min. 
Elongation on 2 in. 
% : ; 18min. | 18 25 27 _ ae 
Reduction of area. | 
% , - ee | | 63 54 ne cae 
Izod value. Ft.lb. | 40 ,, | 50 24 93 | 60 min. 
Brinell number —. | 241-203 | ee eS ee 
| ! ' 
* Optional. t See Gresley.‘ 


t The Southern Railway uses this steel heat-treated to 60-70 tons per 
sq. in. tensile strength.) 


gives the results from such a test block as forged and heat-treated, 
whilst column 4 shows the values obtained from longitudinal 
specimens cut from one corner of the big-end of a somewhat harder 
rod. The microstructure of the latter specimen, with a rather 
inferior Izod value of 24 ft.lb., is shown in Fig. 1, and the presence 
of dark-etching bands may be noticed. 


Manganese-Molybdenum Steel. 


Alloys of the composition given in column 6, Table I., are 
behaving excellently in service, especially considering that the steel 
is relatively inexpensive. Values from a forged test block, after 
soaking at 850° C. for not less than | hr, followed by oil-quenching 
and tempering at 660-670° C. for 3 hr., are given in column 5, and 
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represent good results. The mean rate of heating in the author’s 
furnaces would be about 3° C. per min., and it is immaterial whether 
the rods be oil-quenched or air-cooled after tempering. The steels 
are free from temper-brittleness, and air-cooling generally reduces 
the chances of distortion during subsequent machining. 

It is important in practice that the tempering of these steels 
should not be conducted above 670° C. approximately, otherwise 
the Ac, transformation range is entered and solution of carbides 
commences. Subsequent oil-quenching under these circumstances 
will give a pyramid hardness—with indentations showing “ con- 
cavity ’—of nearly 240 as compared with normal indentations of 
210; and the fall of the yield ratio from 75-80% to about 60% 
will be accompanied by a striking decrease in the Izod value. On 
the other hand, air-cooling after long tempering within the Ac, 
range leads to the precipitation of boundary carbide films and 
reduced Izod values—just as was shown by Whiteley ‘ for plain 
carbon steels with not less than 0:3°, of manganese. 


Unusual Features in Manganese-Molybdenum Steels. 


Given standard heat-treatment conditions, some curious results 
infrequently observed by the author for manganese-molybdenum 
steels may be summarised as follows : 


(a) Variable Izod values from the same Izod test-piece. 

(6) Variations from one Izod test-piece to another taken 
from the same vicinity of the same test block. 

(c) The presence of banding to different extents in 
different portions of the same test block. 

(d) The development of banding by heavy forging in 
some billets but not in others. 


As regards banding, Fig. 2 shows a bad example in a rod which 
gave low test values, and a micro-crack is visible in the central 
ferritic streak. The results from other rods which will be discussed 
are given in Table II. 

Rod A, Table II., with variable Izod values, gave the intense 
fine banding illustrated in Fig. 3, and had an inherent coarse- 
grained structure together with rather long non-metallic inclusions. 
Its impact values may be compared with those of the inherent 
fine-grained steel B, Table II. Rod C showed variations in notch 
toughness, and the results from three Izod test-pieces taken with 
axes only about | in. away from each other in the same zone of the 
same test block are included in Table III. 

Fig. 4 shows the very streaky etched structure of low-impact 
piece No. 1 (rod C) alongside its adjacent piece» No. 3 (rod C), 
which is only slightly banded. The dark bands in the former gave 
a diamond hardness (10-kg. load) of 266, against 215 for the adjacent 
light bands, and this difference would be greater could very minute 
indentations be made on the two constituents. 
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TaBLE II.—Properties of Rods of Variable Quality. 

















Rod 4. | Rods. | RodC. | Rod D. 
Carbon. % . ‘ : 0-24 | 0-21 | 0-25 0-26 
Silicon. % . : | 025 | 0-25 | 0-22 | 0-23 | 
Manganese. % . ry | Ube 1-70 | 1:92 6 | «61-660 | 
Sulphur. %. , . | 0035 | 0-033 | 0:030 | 0-033 
Phosphorus. % . : 0-040 0-035 | 0-038 | 0-040 | 
Nickel. % . . | (0-13) (0-08) | (0-14) | (0-12) 
Chromium. % . | (0-09) (0-07) ae wa 
Molybdenum. % . - |. 628 0-27 | O31 | 0-30 | 
| 

Yield point. Tons per | 

sq. in. en ie 32 | 34 38 
Yield ratio. %  . pel er 79 76 80 
Max. stress. Tons per | | 

sq. in. : . 44-4 40-4 45 | 48-0 
Elongation on 2 in. %/| 24 a ants 23 
Reduction of area. % . | 57 wad | 63 
Izod value. Ft.lb. - | 82, 85, $7 | 112, 101, 115) Varied | Varied | 
Diamond hardness . ah | | 215 | 216 
McQuaid-Ehn grain size . 3 7 | 
| (coarse) | (fine) | 








Izod piece No. 2 (from rod D) exhibited fine longitudinal streaks 
on etching, whereas piece No. 1 from the same block had a more 
“mottled ” type of banding on a similar plane of section. Figs. 5 
and 6 show that differences in microstructure exist between the two 
specimens. Piece No. 2 is simply “ acicular,” with a very fine 
manganiferous pearlite structure in the streaks, whilst piece No. 1 
reveals fine boundary carbide films, which are consistent with its 


Tas.LeE III.—Variations of Notch vinesssnaeetie in Test Block. 


Rod D. | 

















| | Rod C a 
z Steet ernie | 
| Piece 1. Piece 2. 2. | Piece 3. 3. | Piece 1. | Piece 2. | Piece 3. 
Izod value, ft.lb., at— | | | | | 
Notch 1 . | 585 | 725 | 67 38 93 | 81 
2 | 345 | 855 | 56 | 42 | 935 | 41 
3 | 52:5 | 80 65 | 46 | 91 | 357 
Mean | 48:5 | 79 63 | 42 | 93 | 60 
ees ee ~| | —|——_——_|—— _— 
| Fracture . . |Coarse| Fine | Coarse | Coarse | Fine 
| Diamond hardness . 240-213) 215 | 217 | 232 | 215 
east bs ey aed a ee Pe ee 
| Carbon. , ae ; at 0-5 25 |... | 0-24 | 0-21 0:26 
| Manganese. %. ‘ ‘es 1-72 “me 1-67 | 1-63 1-66 
Molybdenum. %  . ve Onl i... 0-28 | 0-27 | 0-30 
| Phosphorus. % . ...  0038/ ... | 0-043) 0-037 | 0-040 
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inferior Izod value. The chemical analyses reported in Table III. 
do not indicate segregation effects on a coarse scale. 

Even in a given Izod test-piece the properties of the steel may 
vary, as is shown by Tabie IV. 


TaBLE IV.—Variations in Adjacent Notches of Single Izod Test- 











Pieces. 
z | z , Jast 
| Noteh xX. | Notch Y. | Analytis, 
| 
Rod E. | | 
Izod value. Ftlb.. . «| oy 95 | 
Diamond hardness near notch . | 239 203 
Banding Fine, close, | Wide, | | 
| longitudinal. mottled. | 
Analysis of drillings near notch : | | 
Carbon. % : : 0-23 | 0-26 | 0-24 | 
Manganese. % . 1-73 | 1-79 1-70 
Molybdenum. % | 0-24 | 0-27 | 0:30 | 
Rod F. | | | | 
Izod value. Ft.lb. 2) 59 100 
Diamond hardness near notch . | 235 203 | | 
Banding | Fine, longi- | Fine, longi- 
tudinal. tudinal. | 
Analysis : / 
Carbon. % : | 0-18 | 
Manganese. % 1-55 | 
Molybdenum. o, 0-25 | 
Nickel. % 0-61 | 











It is evident from Table IV. that the molybdenum content at 
notch X, rod H, is notably lower than that of the cast sample. 
Furthermore, the low- -impact notch occurs in steel which is about 
30 points harder than that of the adjacent high-value notch. 

Experiments on rod # material with initial forging temperatures 
of 1125°, 1240° and 1350° C. showed no pronounced final differences 
in the properties. Billets made by three different manufacturers 
were also given forging reductions of 44%, 75% and 90%, after 
which uniform slabs were heat-treated and tested. It was found that 
the billets from two makers developed a slight banded structure 
with heavy forging, resulting in progressive decreases of the Izod 
value, whilst the third maker’s showed a slight improvement in the 
test results. Fig. 7 illustrates the microstructure of an unforged 
billet, and Fig. 8 that of a transverse section after heavy hot- 
working. The induced longitudinal banding here appears as a 
faint cellular grouping of the concentrated carbide material, which— 
with yield ratio unimpaired—is presumably responsible for the 
inferior impact value. It is considered that a fairly high hot- 
working temperature is not deleterious for this steel, and that some 
ingots are more likely to develop banding than others—the effect 
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It - Fic. 3.—Manganese-Molybdenum Steel. Fic. 4.—Izod Specimens from same Test Block. 
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Fic. 5.—Longitudinal Section of Rod D. Izod 
piece 2, 93 ft.lb. x LOW. 
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Fic. 7.—Transverse Section of Heat-Treated 
Billet. Izod value, 100 ft.lb. x 1000, 
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Fic. 6.—Longitudinal Section of Specimen 
from same Test Block as Fig. 5. Izod 
piece 1, 42 ft.lb. x 1000, 
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Fic. 8.—Transverse Section of same Billet 
as Fig. 7, reduced 90% by forging, and 
heat-treated. Izod value, 54 ft.lb. 
x 1000, 


(Micrographs reduced to two-thirds linear in repreduction.) 
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being probably due to segregation phenomena. Work by Johnson 
and Buechling “ on the banding of Cr—Mo steel is consequently of 
interest, for they found that material from the bottom of an ingot 
gave relatively widely spaced bands and reduced Izod values, 
as compared with metal from the top. Baker reports the same 
ingot effect. 


Discussion on Unusual Features in Manganese-Molybdenum Steels. 


There is evidence that unless proper steelmaking procedure is 
adopted, the distribution of molybdenum throughout a melt may 
be imperfect. There is also evidence®™ that molybdenum and 
manganese may segregate in steel ingots, and carbon segregation 
is liable to accompany the 


















































molybdenum. Although 
Greaves" has pointed A 
out that variable Izod 9 y 
values may be due to. iC a 
fluctuations between the Y 7% — 
‘‘brittle’’ and the , 4 
“tough” modes of impact iS 600 a ~5 + 
fracture, it is believed ‘s “SL axe Toy 
that slight heterogeneity § 500 aeC—Pa 
has been responsible for & “ 
the present irregularities. 499 ne 

The A, change in typi- 0:2 % Carbon a 
cal manganese-molyb- 390 | | fl S 
denum steels occurs over c&-8-8 8 £8 &@ 8 
a range of temperature, Manganese.%. 
and thermal curves at a Fic. 9.—Section of the Fe~-Mn-C Ternary Dia- 
slow rate of heating indi- gram, 0:-2% Carbon. (Walters and Wells, 


. Transactions of the American Society for 
cate that the absorption Metals, 1936, vol. 24, p. 359.) 


begins at about 720° C., 

reaches a maximum at 750° and is completed by 810°C. Changes 
actually commence at lower temperatures, however, and Hultgren” 
has shown that macrosegregation prolongs the A, temperature 
interval. Walldow”” found variable solubility rates of pearlite grains 
in this transformation interval, and decided that the effect must be 
due to variations in the silicon and manganese distribution. The 
constitution of pure Fe-C-Mn alloys, thoroughly homogenised to re- 
move manganese coring, has been studied by Walters and Wells“ 
amongst others, and Fig. 9 shows their results for the 0-2°% carbon 
section of the ternary system. They state that their complete 
diagram “represents, at least approximately, the constitution of 
commercial alloys as well as those of high purity.” Line CZ, Fig. 9, 
indicates the temperature at which some y solid solution begins to 
form from the (« + carbide) pearlite of the original steel. From 
the various sectional diagrams published by these workers, the 

1937—i fe) 
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author has drawn up Fig. 10, showing the approximate form of the 
isothermals at which the A, transformation would begin. It is 
0-8-— 
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Fic. 10.—Isothermals of the Commencement of the A, Transformation. 


clear that the specified tempering temperature of 660-670° C. for 
typical manganese-molybdenum steels is just below the beginning of 


O Pearlite + Ferrite 

Go Troostite + Martensite 
t+ Ferrite 

A Troostite + Martensite 
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Carbon Y 


(Technical Reports of the Téhoku Imperial 
University, 1928, vol. 7, p. 65.) 


03 0-4. 
Fie. 11.—Hamasumi’s Diagram. 


the A, transformation as determined by Walters and Wells. Fig. 11 
represents a constitutional diagram determined by Hamasumi,‘!” 
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and again the typical compositions come below the curved zone 
which, if exceeded, causes hard constituents to be present in 
air-cooled specimens. 

Points from the work of Walters and Wells which appear to 
bear on these irregularities in manganese-molybdenum steels may 
be summarised as follows : 


(a) The ay boundary of that part of their diagram covering 
up to a few per cents. of manganese represents transformations 
obtained with heating rates of 6-12°C. per min. Slower 
rates (such as the 3°C. per min. in the author’s tempering 
furnaces) would permit the change to commence at lower 
temperatures. 

(b) “ Transformational segregation” can be brought about 
by holding the steels in the transformation range. 

(c) There is a marked persistence of segregation in the 
y phase of these ternary alloys, resulting primarily from the 
presence of manganese (not carbon) gradients. 

(d) Determinations of the ternary eutectoid composition 
have been made, and indicate, for example, that 0-3°% of carbon 
gives a homogeneous eutectoid at 12°, of manganese, whilst 
0-5°% of carbon requires 5°%, of manganese. 


These observations suggest that ingot heterogeneity in the first 
place could be responsible for such irregularities as have been 
observed. Manganese, molybdenum and perhaps carbon segregation, 
and manganese coring, will give enriched zones in the forgings 
which differ from the mean composition. Fig. 10, then, shows that 
for such concentrated regions the normal tempering temperature 
of 660-670° C. will be above the beginning of the A, transformation, 
particularly for low rates of heating. Some y phase therefore 
forms locally during tempering, and these transformed zones on 
cooling yield undesirable boundary structures (e.g., Fig. 6) with 
reduced Izod values, as previously described. Sykes and Bamp- 
fylde,°® however, have suggested variations in the cooling rate at 
different points of a forging to explain enormous variations in the 
Izod value observed in an aluminium steel. 

When banding and heterogeneity have been found in a forging, 
a homogenising treatment by soaking at high temperatures prior 
to quenching and tempering may be resorted to with advantage. 


Section II.—Srexts oF Fine INHERENT GRAIN SIZE. 


If the designer decides that locomotive coupling rods must, 
above all, be able to withstand shock stresses and have a high 
notched-bar value, then the possibilities of inherent fine-grained 
steel are attractive. Rods A and B (Table II.) indicate superior 
properties for a fine- as against a coarse-grained manganese- 
molybdenum steel, and White and Clark“ have compared the 
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behaviour of both types of this steel as regards tensile, impact and 
creep values at testing temperatures up to 700°C. Fine-grained 
manganese-molybdenum steel now being supplied is giving test 
results superior to those hitherto obtained with uncontrolled grain 
size. 

Meanwhile, in 1935, billets of a plain carbon steel in both fine and 
coarse inherent grain sizes were ordered by the L.M.S. Railway 
Company for experimental purposes. These were forged and heat- 
treated as for coupling rods, and Table V. indicates some results 
obtained. Billet G comes rather below the average in yield and 
Izod value (25 ft.lb. was a general figure for the latter), whilst 
another forging from the fine-grained cast F gave an impact value 
of 104 ft.lb. 


TABLE V.—Tests on 4-in. x 4-in. Blocks, O.Q. 850° C., 7’. 625-650° C. 





Fine-Grained Plain 
Nickel-Bearing Steel. Oarbon Steel. 





| 


Billet G, | Billet H, | Specifica- | Billet 7, | Specifica- | 




















Cast C Cast F, tion FY, | Cast PF. tion Z, 
Carbon. % 0-35 0:35 | 0-33-0-38 | 0-37 | 0-35-0-40 
Silicon. % ; . | 0-22 0-25 | 0-15-0-30 | 0-25 cae 
Manganese. % . - | 0-95 0-96 | 0-8-1-0 0-98 | 1-2 max. 
Sulphur. % . .| 0:027| 0-027] 0-04 max.| 0:037| 0-05 ,, 
Phosphorus. % . ‘ 0-036 | 0-035 | 0-04 ,, 0-032 | 0:05 _ ,, 
Nickel. % : . | 0-44 0-46 | 0-50 ,, 5% Fe 
permitted 

Chromium. % . . | 0-06 0-09 Sua 
Aluminium. % . . | 0-001 | 0-009 Bee | 
Inherent grain size . | Coarse| Fine | “Fine” Fine “Fine” 
McQuaid-Ehn No. 5 2-3 7-8 454 6 aoe 
Yield point. Tons per 

sq.in. . ; - | 29-4 31-4 26 min. 28-6 25 
Max. stress. Tons per 

sq. in. f . ‘ 44-6 43-2 40 ,, 42-6 40 
Elongation on 2in. % | 27 Be-8: ese “4, 30-0 25 min. 
Reduction of area. % 64 66 | bse 63 ve 
Izod value. Ft.lb. ot] 42 93 | 50min. 91 60 min. 




















The excellent notched-bar results of the fine-grained steels are 
evident. Many hundreds of rods produced to the two specifications 
given in Table V. have so far given every satisfaction as regards 
ease and regularity of manufacture, and they are now in service on 
all types of locomotive. . 


Machinability and Distortion. 


The L.M.8. machine shops have been unable to report any 
difference between the machinability of these coarse- and _fine- 
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grained oil-treated forgings. Distortion has infrequently arisen 
during the machining of experimental forgings oil-quenched after 
tempering, but this was present in both the coarse- and the fine- 
grained qualities. 


Laboratory Tests. 


Laboratory tests have been in hand for some time, especially 
on casts C and F, and a résumé of the work may be of interest. 
Whilst it was in progress an important and comprehensive paper ‘!® 
appeared on the subject of grain size in steels which merits attention, 
especially since it rather discounts the general utility of the standard 
McQuaid-Ehn test for measuring inherent grain size. 

Fatigue Properties—Forged blocks from casts C and F were 
heat-treated and transferred to the Engineering Section for Wohler 
tests. The author is indebted to his colleague, Mr. F. C. Johansen, 
M.Sc., for the first set of values included in Table VI. 


TaBLeE VI.—Results of Wohler Tests (10 x 108 Reversals). 


























| Inherent yg Grained Inherent nes } 
Stee 
| 
Test-Pieces. pi ime ii Say 
| | Endurance Endurance | 
Hardness. Limit. Tons; Hardness. | Limit. Tons | 
| | per sq. in. | per sq.in. | 
| Casts C and F (see Table V. ).| | | 
0.Q. 850°, T. 650°. Smooth | Diamond + 21-4 | Diamond | + 20°5 | 
surface. | (50 kg.) (50 kg.) 
| 207-229 196 
| =218 | | 
| | | 
C, 0-35% approx. | 
Mn, 0:65% ,, | 
| 0.Q. 820°, T. 600° : | Rockwell Rockwell | | 
| (a) Smooth surface | B 86-5 + 20:3 | B 84 +190 | 
(6) With sharp notch, | B 86-5 + 17:6 B84 | + 78 
45°, 0-035 in. deep. | | 
Decrease by notching. | 62:5% | 59% 
| | | Pes 





The second set of results was obtained by Brophy,‘!” and supports 
the first in that if these two types of steel are heat-treated to the 
same programme, the inherent coarse-grained metal gives a slightly 
higher hardness and endurance value in the smooth surface condition 
than the inherent fine-grained material. Brophy also reported that 
in the heat-treated condition the inherent coarse-grained steel 
had the advantage of a slightly higher damping capacity, whilst 
for the same amount of cold-rolling it work-hardened more than the 
fine-grained steel. The cold-working properties of the present 
alloys have been examined and are reported below. 

Cold-Working and Hardness Properties.—One half of each of the 
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actual broken tensile test-pieces from billets G and H, reported in 
Table V., was carefully machined down to the axial plane, and 
hardness tests were made at different positions. Meyer hardness 
analysis with a 1-mm. ball on the Vickers machine was carried out 
on the unstrained head of each specimen, and the results obtained 
are given in Table VII. 


TaBLeE VII.—Hardness Properties. 











| Inherent Coarse-Grained. Inherent Fine-Grained. | 

| Cast C. Billet @. Cast F. BilletH. | 

n % 2-10 | 2-11 | 

a : ‘ ; a 191 kg. | 180 kg. | 

Brinell number (1/30/15) . | 217 kg. per sq. mm. | 197 kg. per sq. mm. | 

Ratio of tensile strength to | 

Brinell number ‘ 2 0-21 0-22 
Pyramid hardness, Hp/10_.. 226 | 202 








The similarity of the n values indicates that in the heat-treated 
condition these two types of steel do not differ appreciably in work- 
hardening capacity. This is confirmed by Fig. 12, showing the 


Hardness . 





ton of Area.&. 


Fig. 12.—Diamond Hardness (10-kg.) Exploration of Broken Tensile 
Test-Pieces. 


diamond hardness values obtained from portions of the tensile 
test-pieces which had undergone various amounts of reduction by 
cold-straining. 

In general the hardness tests have indicated greater variability 
in the coarse-grained than in the fine-grained material. 

The strained specimens were afterwards annealed at 650° C. 
for 30 min. and examined for hardness and microstructure. The 
ferrite-pearlite structure remained elongated where the original 
reduction of area exceeded 15-20%, although, as shown in Fig. 12, 
the strain-hardening had been removed by the annealing. The 
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equiaxed structure had a mixed grain size of 3 and 5 in the coarse- 
grained steel, whilst the fine-grained specimen corresponded with 
7-8 on the American Society for Testing Materials chart. No 
abnormal grain growth due to critical straining was observed. 
The hardness maximum at 15-20°% reduction in the annealed test- 
pieces is of interest, and it persisted after a further anneal of | hr. 
at 650° C. It corresponds with a density inflection previously ob- 
served by the author “!® in a strained Armco iron tensile test-piece, 
which subsequently yielded a somewhat similar hardness maximum 
on annealing.“ 

Carburising and Decarburising Properties.—Pieces of both casts 
C and F were heated together in air in an electric furnace at 850° C. 
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Fia. 13.—Exploration of Carburisation and Decarburisation by Diamond 
Hardness Tests (10-kg.). 











for 4 hr. and furnace-cooled. The extent of the resulting decar- 
burisation was determined by hardness explorations, and is shown 
in Fig. 13. There is no appreciable difference between the two 
steels, although an increased grain-boundary area is generally 
considered to favour the penetration of a foreign element. 

Pieces were also submitted to the McQuaid-Ehn test by car- 
burising with a commercial solid compound (“ Casenit’’) at 925° C. 
for 8 hr. The box took 3} hr. to reach full temperature, and was 
cooling in the furnace for 4 hr., during which time it had fallen to 
just below 700° C., before being air-cooled. Hardness surveys to 
show the relative depths of carburising are represented in Fig. 13. 
The dip in the fine-grained curve F' towards the outside is to be 
associated with an observed coarsening of the pearlite in the hyper- 
eutectoid zone, as compared with a large proportion of sorbitic 
pearlite in the eutectoid zone. It would appear as though the 
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“‘ abnormality ” effect was beginning in the most highly carburised 
layer, and there is evidence ” that the carburising compound may 
be partly involved. 

Although the view is generally held that a coarse-grained steel 
carburises more deeply than a fine-grained steel, no great difference 
is apparent in the present specimens. 

An experiment was made to study the effect of initial cold-work 
upon the carburising properties of the two types. Broken halves 
of tensile test-pieces from heat-treated forgings of both casts were 
carburised in the standard way, and the results are summarised in 
Table VIII. Through an accident with the time switch, the car- 
burising box for specimens 1593 and 1576 cooled normally to 700° C. 
and then was reheated to 800°C. This reheating occupied about 
1 hr. overall, after which normal cooling took place. Whether 
this interrupted cooling has further affected the grain size is not 
known, but all the test-pieces are coarser than was expected, and 
in regions of about 10-20% reduction of area show an enlarged grain 
size. 


TaBLe VIII.—Effect of Cold-Work on the McQuaid-Ehn Test. 























Coarse Cast C. Fine Cast F. 

Piece 1593, Piece J Piece 1576. iene ar 

08 Boo | Table X.).| 085% 0! CDable X.). 
Max. stress. Tons per sq. in. 45-6 44-5 42-4 41-6 
Elongation on 2in. % : 29 27-5 32 30-5 
Reduction of area. % , 64 63 66 66 
Izod value. Ft.lb.. ; 16 37 93 107 

Inherent Grain Size. 
Cast test ° r 2-3 2-3 7-8 7-8 
Head of tensile piece . 3 3 5-6 6; 40n edge 
Towards shoulder 4 3 3 4 
12% reduction of area 2 3 4 5; 3 on edge 
20% reduction of area 2 aes: 6 335 
Fracture zone 3 | 3 6 7 and some 4 
| mixed 














It is considered that specimens for the McQuaid-Ehn test should 
be free from cold-work before carburising. 


Determination of the Inherent Grain Size. 


(a) The McQuaid-Ehn Test.—Traces of the austenitic grain 
boundaries prevailing at an arbitrarily selected temperature of 
925° C. may be observed by microscopic examination of the cemen- 
tite network existing in specimens which have been carburised as 
described above. This procedure constitutes the McQuaid-Ehn 
test for inherent grain size, and values are reported by comparison 
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Fic. 15.—Fine-Grained. 
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W.Q. 850° C. 


with nitric acid. x 250. 
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3. 16.—Coarse-Grained. 
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W.Q. 850° C. 


Etched with nitric acid. x 250. 


(Micrographs reduced to two-thirds linear in reproduction.) 
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Fic. 17.—Fine-Grained. Fic. 18.—Coarse-Grained. 
Fics. 17 and 18.—McQuaid-Ehn Carburising Tests at 925° C. for Shr. » 100. 
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Fic. 19.—Fine-Grained. Fic. 20.—Coarse-Grained. 


Fics. 19 and 20.—W.Q. 925° C., after soaking for 60 min. Etched with Vilella reagent. 
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Fic. 21. Fine-Grained. 


Fics. 21 and 22.—Heated at 1000° C. for 10 min, Chlorine-etched. x 100, 
(Micrographs reduced to two-thirds linear in reproduction.) 
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(Micrographs reduced to two-thirds linear in reproduction.) 
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Fic. 24,—Fine-Grained, Fic. 25.—Coarse-Grained. 
Fics. 24 and 25.—Heated at 1000°C. Vacuum-etched for 1} hr. x 100, 





Fic. 26.—Fine-Grained. Fic. 27,—Coarse-Grained. 


Fics. 26 and 27.—Heated at 1000° C. for 10 min. Chlorine-etched, followed by 2°, nitric acid etch at 
room temperature. » 750. 
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Fic. 28.—Fine-Grained. Fic. 29.—Coarse-Grained. 
Fics. 28 and 29.—Soaked at 1000° C. for 4 hr. and air-cooled. x 100. 


(Micrographs reduced to two-thirds linear in reproduction.) 
[O’ Neill. 











IX. PLATE X. 
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Fic. 31.—Coarse-Grained. 





Fics. 30 and 31.—Same as Figs. 28 and 29 after 0.Q. 850°C. x 100, 
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Fic. 32.—Fine-Grained. Fic. 33.—Coarse-Grained. 
Fics. 32 and 33.—Soaked at 1230° C. for 4 hr. and air-cooled. x 100. 








/ Fic. 34.—Fine-Grained. 
Fics. 34 and 35.—Same as Figs. 32 and 33 after O.Q. 850°C. x 100. 
(Micrographs reduced to two-thirds linear in reproduction.) 


[O’Neill. 
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with a standard American Society for Testing Materials grain 
size chart. The appearances of the carburised structures of casts 
F and C are shown in Figs. 17 and 18. 

It is objected against this test that the results— 


(a) Depend upon the rate of carburising, 

(b) depend upon the type of carburising medium, since 
oxygen is introduced by solid compounds, and 

(c) are not representative of actual practice, since 925° C. 
is not a usual heat-treatment temperature and a period of 
8 hr. is longer than practical soaking times. 


The rate of carburising and cooling is standardised in most 
laboratories, and the test is valuable in enabling “ abnormality ” 
of the pearlite to be detected, but it is true that 925° C. represents 
only one point on a curve relating the grain growth to the tempera- 
ture. The utility of the test for the steels under consideration has 
therefore been examined by employing other procedures of deter- 
mining the inherent grain size. 

(b) Quench and Fracture Method.—Forged specimens, 4 in. x 
Zin. xX fin., from each cast were quenched in brine from tempera- 
tures of 800°, 850°, 925° and 1000° C, and fractured. The broken 
faces were compared with a set of ten standard fractures prepared 
and placed on the market by the Swedish Association Jernkontoret. 
Fig. 14 shows the standards alongside the two sets of test specimens. 
The beginning of coarsening can be noticed in the photograph and 
it is easily detectable in the actual specimens. Four different 
observers evaluated the fractures against the Jernkontoret scale, 
and the results are given in Table LX. together with those for the 
McQuaid-Ehn values. The numerical results of the two tests at 
925° C. are practically similar, and this fortunate correspondence has 
been observed independently by Vilella and Bain.” 

(c) Quench and Etch Method.—These same workers have studied 
the grain size of austenite by means of the troostitic boundary 
network frequently observed in quenched steels. To ensure that 
such a network is obtained they use a gradient quench from a given 
treatment temperature. 

The broken specimens from the author’s quench and fracture 
tests were carefully ground flat, and the surfaces were etched in 
2% nitric acid. Towards the centre of the sections—especially in 
the fine-grained steels—sufficient boundary troostite was visible 
round the martensite crystals to enable the grain size to be judged 
by the American Society for Testing Materials chart. The results 
obtained are included in Table IX., and the appearance of the 
specimens quenched from 850° C. may be seen in Figs. 15 and 16. 

Alternatively, the test-pieces may be slightly heated to 250° C. 
and etched in a solution of 1 g. of picric acid, 5 c.c. of hydrochloric 
acid and 95 c.c. of ethyl alcohol, as recommended by Vilella and 
Bain. The martensite (austenite) grain size then appears as shown 
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in Figs. 19 and 20. The field of Fig. 20 was chosen for its good 
definition; otherwise it is coarser than the average for the speci- 
men. The fine-grained steel quenched from 925° revealed dark- 
etching streaks at two edges, indicative of softer regions and 
presumably of the proximity of an ‘‘ abnormal ”’ condition (cf. the 
section on carburising). 

(d) High-Temperature Gradient Etch Method.—With the object 
of studying the grain size at different temperatures and for chosen 
periods of heating, the author has used a high-temperature etching 
method with specimens maintained in a temperature gradient. The 
possibilities in this direction are (a) vacuum etching, (6) gas etching, 
and (c) thermo-electronic emission. The last method would permit 
of the use of the electron microscope,” but the apparatus would 
need a certain amount of development. Alternatively, X-ray 
spectrograms from a high-temperature camera would enable the 
grain sizes to be determined. 

Tests have been made with specimens, 3 in. long by }-in. x 3-in. 
section, taken from the two billets under consideration, and placed 
side by side with a movable thermocouple in a silica tube in a short 
gradient furnace. The system was exhausted and maintained at 
X-ray vacuum, followed by heating to temperature in about 
20 min. Two procedures may be adopted with the apparatus; 
either the steel may be vacuum-etched for periods of 1-2 hr. followed 
by removal of the tube and rapid cooling, or, alternatively, the 
testing temperature may be attained and after a relatively short 
period of time a small amount of dry chlorine admitted. This 
flash-etches the specimens, and the tube is then withdrawn and 
quickly cooled. Any tarnish on the specimens may be removed by 
a very light polish, and the rapid atmospheric deterioration of the 
chlorine-etched surfaces may be prevented by a suitable protective 
varnish. This test is much quicker than the McQuaid-Ehn method. 

The structures obtained from a gradient chlorine etch after 
30 min. heating may be seen in Fig. 23. The austenite was beauti- 
fully twinned in the coarse steels under examination. Etching with 
chlorine after 10 min. heating gave rather finer grain sizes; the 
austenite boundaries are shown in Figs. 21 and 22. By subsequently 
etching the cold specimens with 2°% nitric acid the pearlite-ferrite 
structures in Figs. 26 and 27 were obtained. A significant difference 
between the coarse- and fine-grained steels is that ferrite is visible 
as envelopes round the austenite boundaries in the latter, whereas 
the coarse-grained material has pearlite more or less filling the 
austenite cells. This may account for the differences in impact 
value. Vacuum-etching for 75 min. gave the structures in Figs. 24 
and 25. . 

Comparison of the Various Methods.—The results obtained by 
the different tests for determining the inherent grain size are given 
in Table IX. in American Society for Testing Materials numbers. 

The McQuaid-Ehn test is not misleading in its application to 
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the present steels, and the large difference which it indicates between 
cast C' and cast F is consistent with the great difference in the Izod 
values. 


TaBLeE [X.—Summary of Grain-Size Tests. 











| | Coarse-Grained Billet G. | Fine-Grained Billet H. | 
Method. ot 8 ieee leh Ste Abin sd = SP thd 
| | | | 
| s00°. | 850°. | 925°. | 1000°C. | 800°.) 850°.| 925°. 1000°C. | 
SPS) Eee ee eee Lee Se ee eee 
| (a) MeQuaid-Ehn 4 
hr.) ‘ Arata bees Gee” a 
| (6) Quench and frac- | | 
| ture (lhr.)* .| 6 |55| 3 2 7/7165 5 
| (c) Quench and etch 
(1 hr.) i] sore 7s 2 7 (a ee 5 
;(2) Vacuumetch .| 6 |5:5| 4 2:5 8 7 | 65 
| Chlorine etch : o7 ) 
| 10 min ‘ cnt Seeminees [f3; 75%! f7; 90% \ 
‘ ; eo es 25% J | 14; 10%J 
30 min. 7/65) 5 | 3 17 | 8 | 75 5-5 





* Jernkontoret scale. 


It appears that by any of the tests the fine-grained cast begins 
to coarsen at about 925° C., whilst the coarse-grained steel is growing 
at 850°C. At 800°C. both steels are fine-grained, and this would 
appear to be a suitable heat-treatment temperature for cast C. 
Izod test bars prepared from pieces of each billet after oil-quenching 
at 800°C. and tempering at 600° and 650°C. gave the results 
contained in Table X. 


TABLE X.—Tests nied Various Heat Treatments. 



















| 
| 


| Coarse-Grained Steel. z Fine-Grained Steel. 
Treatment : . 800°, | Coarsened ne 0.Q. 800°, | Coarsened | 
| 50° 0. | | 0. Q. 800°, | 1230°, 4 - T. 650° O. | 1230°, 4 br. 
T. 600 C°. | 0.Q. 850°, T. | 0.Q. 850°, T. | 
Piece J. | | 650° C. | Piece K. | 650°C. 
| 
| Actual grain size No. : 6 6 5 a | 6 | 
| 
| Yield point. Tons per | | 
sq. in. . . . 29-8 30 
| Max. stress. Tons per 
| sq.in. . | 44:5 a sha 41-6 | 
| Elongation on 2 in. el a fas ae | 30-5 eee | 
| Reduction of area. %| 63 fe 4 ne | 66 ee 
| Diamond hardness. | 217 bi wers “f ae | 195 
| Izod value, ft.lb.— | 
| Fibre, longitudinal 37 25 20 107 68 
Fibre, transverse. 18 | 22-5 | ae 
| | 79 | 


Decrease. % q 51 
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Quenching from 800° C. instead of 850°C. has improved the 
(longitudinal) Izod values of both billets, but, although at this lower 
temperature the corresponding grain sizes are as 6:7 (Table IX.), 
the Izod values are almost as 1:3. Actual physical grain size per se 
is therefore not the prime cause of the difference in impact value 
between the two casts. 

The greater percentage decrease between the longitudinal and 
transverse Izod results of the fine-grained steel as compared with the 
coarse-grained is noteworthy, and may well be associated with the 
greater tendency to banding observed in the former material. 

Thermal Curves.—Heating and cooling curves at rates of 9-5° C. 
per min. and 7°C. per min., respectively, for the two types of 
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Fie. 36.—Thermal Curves of Coarse- and Fine-Grained Steels. 





steel are reproduced in Fig. 36. They show no important differences 
except that the heating curve of the coarse-grained alloy has a 
slight bulge prior to the Ac, peak, as though the transformation 
might be commencing a little earlier. The eutectoid temperature 
on cooling is about 9° C. lower in the fine-grained steel, but the 
compositions are not identical. Swinden and Bolsover ‘” reported 
- no significant differences, but Epstein and Rawdon ° found the 
fine-grained eutectoid temperature on cooling to be higher than the 
coarse-grained. 

Depth of Hardening.—The specimens used for the quench and 
etch method (c) of grain-size determination were examined on the 
cross-section for depth of hardening. The results are given in 
Table XI. 

The fine-grained steel does not harden as deeply or as intensely 
as the other when water-quenched in this section, and, rather 
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curiously, the coarse-grained steel is sometimes harder at the centre 
than on the outside. 


TaBLE X1I.—Diamond Hardness (50-kg. Load) of 3-in. x 3-in. Pieces. 





























| | Coarse-Grained Steel. Fine-Grained Steel, 
| Si. nen — 
Heat Treatment, r 
| se ea ais Edge. Diamond | Bi Diamond | pang 
| \Hardness. | a Hardness. | ““@n8© 
1 hr. 800°C., W.Q. | Edge | 590 | | 510 | 
02 in. | 560 | —6 488 | 108 
0-35 in. | 566 | 411 
| Centre | 596 | ; 402 
1 hr. 850°C., W.Q. | Edge | 621 | 572 
} Q-2 in. | 635 | = 21 517 107 
| 0:35 in. | 580 | | 472 
| | Centre | 600 | | 465 | 
| 1 hr. 925°C., W.Q. | Edge 597 | | 543 ¢ | 
| 0-2 in. 579 | —34 | 493* 6 | 
| | 0-35 in. 598 | 484 
| Centre 631 487 
| Po ae a i i | 
i | 1 hr. 1000° C., W.Q. | Edge 49] * 500 * 
| Q-2 in. | 571 | | 607 
| 0-35 in, | 587 —1lll | 496 37 
. | | Centre | 602 537} 





* Variable. + Varied, 632-377; soft zone. 


The hardness gradients in oil-quenched blocks of 43-in. x 23-in. 
x 21-in. size have been determined, and show but little change from 
edge to centre. The coarse-grained steel had a diamond hardness of 
240 on the edge and 202 inside, whilst the fine-grained metal gave 
197 at the centre and 230 on the edge. 

Effect of Flame-Cutting.—It is not unusual in the works for 
portions of forgings to be removed by the oxy-acetylene torch, 
and this is liable to produce a quench-hardened surface in appropriate 
alloys. Since the coarse-grained steels are relatively deep-hardening 
and might therefore show a more extensive hardened zone, blocks, 
43 in. x 23 in. x 2} in., of each were cut with oxy-acetylene at 
4 in. per min. with a No. 5 B.O.C. jet. Hardness explorations of 
vertical sections taken at right angles through the flame-cut edge 
are represented in Fig. 37, traverse 1 being } in. and traverse 2 
1} in. from the under face of the block. The differences for these 
two steels are found to be unimportant. 

Microstructural Features and Discussion.—The present paper was 
principally intended as a report upon the properties of certain 
relatively inexpensive high-tensile structural steels from the point 
of view of the user as distinct from the steelmaker. Some appropriate 
laboratory tests have been described and the work may be concluded 
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with a few further metallographical observations. It has been 
noticed that : 


(a) In general, the fine-grained steel F’ in the heat-treated 
condition appeared to contain a greater percentage of ferrite 
than the coarse-grained steel C. 

(b) The fine-grained alloy showed on the whole a greater 
tendency to develop banding. This may be seen in Figs. 28 
and 29 of specimens air-cooled after soaking at 1000° C. for 
4 hr. Subsequent re-treating by quenching from 850° C. 
restored the respective grain structures, as is shown in Figs. 30 
and 31. 

(c) When the steels were soaked at 1230° C. for 4 hr. and 
air-cooled, they both coarsened considerably (see Figs. 32 and 


Traverse /. Traverse 2. 


Hardness. 





Depth. Mm. 
Fia. 37.—Diamond Hardness of Flame-Cut Edge (5-kg. load). 


33) and appeared to contain approximately similar amounts of 
ferrite. Subsequent re-treatment by oil-quenching from 
850° C. and tempering at 650° C. did not completely restore the 
respective original grain structures. This may be seen in 
Figs. 34 and 35, and some test results have been included in 
Table X. The ultimate coarsening of the fine-grained steel 
from American Society for Testing Materials grain size No. 7 
to No. 6 has resulted in a decrease of the Izod value from about 
100 ft.lb. to 68 ft.lb. The practical inference is that unduly 
high soaking and forging temperatures should be avoided if the 
toughness properties of fine-grained steels are to. be retained. 


The author is not able to present a satisfactory explanation for 
the high impact values of the inherent fine-grained material. In 
so far as notch toughness is concerned, it behaves like a typical 
alloy steel, but a contrast arises because of its shallaw hardening 
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properties. In the cast under examination, the relatively greater 
amount of tough ferrite present and its existence as a boundary 
cellular constituent (see Fig. 26) broadly suggest improved impact 
strength as compared with the coarse-grained steel. Incidentally, 
the present observed structural features of the two types of material 
are consistent with the findings of Carpenter and Robertson ° in 
their work on the formation of ferrite from austenite. 

As an alternative to the suggested boundary toughness of the 
fine-grained steel, the low Izod value of the coarse-grained material 
is reminiscent of the boundary carbide concentrations dealt with 
in Section I. of the present paper. Here again Whiteley’s experi- 
ments ‘ are of interest, for he found that increased boundary 
carbide migration readily occurred in coarse crystalline structures 
and was pronounced in steels having a low tendency to banding. 
Furthermore, a minimum of 0-3°% of manganese was necessary to 
induce the decrease in the Izod value. The question of solution and 
diffusion gradients of different elements—including oxygen—seems 
to be involved in the general phenomenon, and it is considered that 
there is some common prime factor at work affecting both the 
mechanical properties and the grain size. It has already been 
mentioned that grain size per se does not explain the impact results. 
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DISCUSSION. 
(Fig. © = Plate XA.) 


Mr. T. Henry TuRNER (Doncaster) said the paper was naturally 
of interest to him, because he had to meet the same sort of problems, 
and he had weighed many of the points brought out to see whether 
they could be applied on his railway. It seemed to him that fine- 
grained steels were being spoken of in a new language, but, after all, 
fine-grained steels had been used for some time; there was fine 
grain—one might call it inherent—in all the alloy steels, such as the 
nickel steels, the chromium-vanadium steels, which were very widely 
used for the purpose in the United States, and the nickel-chromium 
steel introduced when in 1920 Sir Nigel Gresley made what he (Mr. 
Turner) regarded as a very important contribution to locomotive 
design by using nickel-chromium steel for both connecting rods and 
coupling rods. Since that date, Sir Nigel had fitted no fewer than 
ten classes of his more recent locomotives with nickel-chromium 
steel rods, so designed that the thickness ran gently and gradually 
from one part to another, avoiding stress concentrations. It might 
be of interest to show a section of one of those rods (Fig. A), because 











= 


Fic. A.—Outline of Cross-Section of Connecting Rod. 





ordinarily one saw it in side view and it looked a very massive piece 
of metal to be moving up and down when the engine was running at 
90 miles per hr. In cross-section, however, it would be seen that it 
compared quite well with an aircraft engine connecting rod, and was 
a beautifully designed piece of mechanism. It was referred to as a 
nickel-chromium steel by the author in the first Table, and it was 
true that in a paper to the Institution of Locomotive Engineers in 
1920 Sir Nigel Gresley gave that as its composition, but recently he 
had added 0-3-0-5% of molybdenum and required a minimum Izod 
value of 35 ft.lb. so that it was now more in line with the nickel- 
chromium-molybdenum steels used elsewhere. 
1937—i k 
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It was interesting to find that the materials used for this purpose 
went right through the range from wrought iron and carbon steel 
to nickel-chromium and _nickel-chromium-molybdenum steels. 
Wrought iron, of course, was not used on any new engines, but he had 
examined connecting rods made of wrought iron on engines broken up 
recently, and it was interesting to find that the material was abso- 
lutely brittle when tested transversely, though it had its well-known 
toughness longitudinally. It was fair to say that most of the coup- 
ling rods on present London and North-Eastern Railway engines 
were made of B.S.S. No. 8, Class C, steel, i.e., the ordinary steel for 
special forgings without wearing surfaces, a 32—38-ton carbon steel. 
Probably more than 90% were made of that material, so that when 
the author spoke of either a fine-grained carbon steel or a manganese- 
molybdenum steel he was offering something which was an improve- 
ment on the ordinary carbon steel for the great bulk of locomotives 
in Britain at the present time. If, however, it was desired to select 
the best possible material for the purpose, he thought there was no 
doubt that the manganese-molybdenum steel must be regarded as 
weaker than the nickel-chromium-molybdenum steel which had 
given very good service on the L.N.E.R. since 1920. If the man- 
ganese-molybdenum steel were used, it would be necessary to have 
heavier sections, with more hammer blow, and, since the machining 
and other manufacturing costs would be the same in both cases, the 
total cost of the final article would differ by very little, and if one 
were going to carry about an extra weight of material for a very 
small difference in initial cost, it seemed hardly worth recommending. 

Turning to the details of the paper, he would have found it 
easier to read if there had been fewer magnifications for the micro- 
graphs. The author used eight different magnifications, and no 
fewer than five different systems of hardness testing. To his mind, 
all the static indentation tests should be capable of being reduced to 
a common figure, so that the reader might concentrate on the real 
point at issue. 

He had noticed the “ banding ’’ which was shown in the first 
three illustrations; Fig. C gave an example of it as found in the 
nickel-chromium rods used on the L.N.E.R. So far as he was 
concerned, it was an undesirable feature, and he hoped that the 
steelmakers would be able either to avoid it or to prove that it was 
desirable. 

In the machining of the rods after the final heat treatment, the 
cutters were sometimes damaged owing to what appeared to be 
variations in the hardness from place to place in the same forging, 
and, since distortion took place after that machining, it seemed fair 
to assume that there was internal stress in the rods.» 

It was common practice to straighten carbon steel connecting 
rods cold after service, and no harm resulted, but he would be pleased 
if in the discussion of the paper an authoritative pronouncement 
could be given as to whether there was a danger in cold-straightening 
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those alloy rods after they had been bent in service, because there 
was at present a difference of opinion on that point. 

Referring again to Table I., the Izod figure (24 ft.lb.) given for the 
nickel-chromium-molybdenum steel rod Y was not a fair example of 
what his company normally obtained from such steels. Although 
they had a specification minimum of 35 ft.lb. they actually measured 
Izod values of 60-65 ft.lb. in many cases. 

In conclusion he wished to add that many of his comments were 
inspired by the title of the paper rather than by the 40-45-ton 
steels with which the paper really dealt. 


Professor C. BENEDICKS (Hon. Vice-President, Stockholm, 
Sweden) said that the paper was especially valuable on account of 
the many different experimental methods used. The most interesting 
point was perhaps the establishment of the fact that two carbon 
steels of a definite given composition indicated in Table V., containing 
0-35°% of carbon (cast C and cast F), had very different grain qualities, 
in spite of the composition being considered to be the same. The 
coarse-grained one had a much lower Izod value, 12 ft.lb., than the 
fine-grained one, which was 93 ft.lb. That higher impact value 
was, of course, essentially in agreement with what was already known 
regarding the influence of fine grain. The fine-grained steel was also 
found to have a lower hardenability than the coarse-grained, but 
that was also in full accord with what had been found in earlier 
researches, especially in the United States. 

The question then arose as to what might be the reason for that 
difference. No explanation was attempted in the paper, and it 
might appear that physical chemistry was unable to give an explan- 
ation of that remarkable fact. In the discussion of a recent paper 
by his friend Dr. Swinden, his collaborator Mr. Léfquist and he 
had had the opportunity of giving some new views on that matter. 
It was well known forty years ago that the mysterious properties of 
solid steel were very much elucidated by applying the knowledge 
gained for liquid solutions. That had been found by Roberts- 
Austen, Le Chatelier and Osmond, and was nowadays universally 
accepted, though of course some doubts were expressed at the very 
beginning. 

It was known that grain boundaries in metals represented 
discontinuous surfaces, and it was very probable, for many reasons 
into which he could not enter here, that in those discontinuous 
surfaces it was necessary to admit the existence of a capillary tension, 
or a surface tension. From a thermodynamic point of view, there 
must be a definite tendency for the surface to decrease, implying a 
tendency towards larger grains, which was very pronounced at high 
temperatures. 

Applying to a solid discontinuous surface what was known to 
be true for a liquid discontinuous surface, the first point was this. 
Ii in the material on both sides of a boundary a substance was 
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dissolved, then it was known from liquid capillary chemistry, or 
from the theory of adsorption, that there were two cases. The 
first was that there might be actually a higher concentration of the 
dissolved substance in, or at, the discontinuous surface. Such an 
increase was known thermodynamically to occur at any discontinu- 
ous surface, and was known to lower the surface tension. The 
other case was that the dissolved substance might be less con- 
centrated at the surface, but that case was of less interest in the 
present instance. 

What would be the result of that admitted concentration? The 
first result would be that, thus, the surface tension was lowered, and 
that consequently the energy stored in the boundaries was lowered ; 
hence the tendency towards grain growth must be lowered by the 
substance with the tendency to concentrate into the actual boundary 
layers. The second point was this. If a grain boundary was 
migrating for any reason, the consequence would be that the sub- 
stance concentrated there must also migrate along the solid specimen, 
and this would signify a frictional phenomenon—of the same character 
as that seen in the tides, where a quantity of material, under the 
influence of the sun and moon, was moved along the surface of the 
earth, signifying a frictional force. It was well known that in a 
really pure metal there was very little resistance to grain growth. 

It was now possible to apply another fact known with regard 
to liquids, namely, that the stabilising effect on the boundary might 
be especially great in cases where the added substance not merely 
concentrated itself at the boundary but formed a viscous or even a 
solid thin layer. Applying this to solid metals, it facilitated greatly 
the finding out of substances which might be thought of as strongly 
influencing the migration of a grain boundary. A substance must 
be expected to have this property if that substance had the power, 
when concentrating there, of giving an atomic grouping which, 
occurring as a phase, was known to be extremely hard. Thus the 
carbides might serve to stabilise a grain boundary, and the oxides 
also might exert this influence, but at the same time it was known 
that the solubility of the oxides, and of aluminium oxide in particular, 
was very low. Then came a group of substances on which interest 
was now centred, the nitrides. It was known that the nitrides were 
extremely hard, and among the elements which gave hard nitrides, 
aluminium came in the first rank, and there were also vanadium and 
a number of others. Hence it was natural to assume, at least as a 
working hypothesis, that an especially strong stabilising effect on a 
grain boundary—acting against an increase of grain—might be 
exerted by an addition of aluminium, on account of the presence in 
most steels of nitrogen. That gave an explanation of the fact that 
Swedish Bessemer steel was less liable to grain growth than was 
Swedish open-hearth steel, because the nitrogen content was much 
higher in the Bessemer than in the open-hearth steel. 

It might also be an explanation of the empirically-ascertained 
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fact that an addition of aluminium exerted a very beneficial influence 
on the stability of grains. He did not need to go further with that 
explanation than to point to Table V. of the paper, where it was 
indicated that cast C, having the coarse-grained structure, had a 
content of 0-001% of aluminium, while the fine-grained specimen, 
cast F, had 0-:009%. That difference between 0-001°% and 0-009% 
was, according to the experience which had been gained, quite enough 
to explain the fact that in the latter case there was a much greater 
stabilising effect on the grain boundaries than in the former one. 
Probably a sufficient amount of nitrogen might be assumed to occur 
in both steels. 

He wished only to say in conclusion that it was quite obvious that 
this was a part of metallography in which a great deal of experimental 
work had yet to be done. 


Dr. J. Vierorisz (Hungary) said he had read the paper with 
great interest, and appreciated it the more because a few years ago 
very extensive experiments had been carried out in the Hungarian 
State Iron and Steel Works at Diosgyor on the same alloy steels that 
were mentioned in the paper, the purpose of the experiments being 
to obtain an alloy steel of high impact value. Briefly, it was found, 
in the first place, that the impact values in the direction of forging 
as well as across it were dependent on the method applied in the 
production of the steel, and, secondly, that the impact values of such 
chromium-nickel-molybdenum steels could be improved by repeated 
heat treatment, i.e., by quenching and annealing three times. The 
structure of the steel which was quenched three times contained 
finer grains than steel which was quenched and annealed once 
only, and the refinement of the structure resulted in an improvement 
of the impact values. If the grain refinement per se could not 
explain the improvement of the impact values, it might be suggested 
that small carbide particles might go into solution during every 
reheating for quenching. The improvement obtained by such 
repeated heat treatment had not been very great, and from a practical 
point of view he would like to emphasise that the essential factor 
lay in the hands of the metallurgist who made the steel. 


Dr. T. SwrnpEN (Member of Council, Stocksbridge) said he had 
naturally read the paper with great interest. It might be regarded 
in some respects as complementary to the paper which he and 
Mr. Bolsover had read in September last.1 

With regard to irregularities in the impact value with what he 
presumed to be coarse-grained manganese-molybdenum steel, the 
author drew attention at some length to the effect of varying the 
manganese. Personally, he would suggest that if molybdenum did 
segregate along the ghost-lines the effect of the initial heating tem- 
perature should be carefully examined. In some work which he had 

1 Journal of the Iron and Steel Institute, 1936, No. II., p. 457 P. 
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presented as a Carnegie Scholar in 1913 it was shown that there was 
a certain temperature, which was well within the range of treating 
temperatures, which would affect the position of the change-point on 
cooling. 

It was particularly gratifying that the author had confirmed all 
the major points brought out in the paper by Bolsover and himself 
to which he had referred, and on two points which were the particular 
subject of discussion, namely, machinability and hardenability, so 
far as the particular steels in question were concerned, the author 
confirmed that it was not possible to report any difference in machin- 
ability, and, further, that so far as oil-quenching was concerned the 
reduced hardenability had apparently no detrimental effect. 

The author referred, in introducing his paper, to the ‘‘ doping ”’ 
of the steels and to the ‘ clouds of inclusions,’’ and he followed 
that up by saying that the engineers, at least until now, had not 
objected to it. He would invite the author to say definitely whether 
he himself objected to it, because personally his experience was that 
if the fine-grained steel were properly made then both under the 
microscope and by the best of the other methods available for 
investigating the cleanliness the fine-grained steel was not dirtier or 
less satisfactory in that respect. 

He would like to add a word about the McQuaid-Ehn test. He 
and Mr. Bolsover held no brief for that test as such; what they said 
was that it did provide a means of differentiating between two steels 
having different properties in the resulting heat-treated condition. 
In Table IX. of the paper it would be seen that, as the author empha- 
sised, the McQuaid-Ehn test (item (a)) differentiated to the greatest 
degree, i.e., between 2 and 7, while the other methods did not 
differentiate as greatly ; and from Table X. it would be seen that when 
these steels were quenched at 800°C. and tempered at 650° C., 
though the actual grain size was 6 and 7, there was the characteristic 
difference in impact value of 37 and 107 ft.lb. Although he had had 
the pleasure of seeing the method that the author had developed, and 
agreed that it had been worked out very well and was a most 
interesting and valuable method of research, yet he was still uncon- 
vinced that the McQuaid-Ehn test failed to be a thoroughly reliable 
test for providing certain data which for the moment were called 
inherent grain size, at least for steels of the type in question; for the 
higher-carbon steels he agreed that the quench-and-fracture test had 
great value. He would submit, however, that when dealing with the 
mild steels, up to about 0-3% carbon, the quench-and-fracture test 
had certain disadvantages; as the author himself had said, 925° C. 
was neither a forging temperature nor a treating temperature, yet it 
was a temperature which seemed to give the maximum difference 
in revealing a property which was called inherent grain size. Start- 
ing off with two steels having the same grain size, the coarse-grained 
steel would grow somewhat on the scale shown by the upper line in 
Fig. B and the fine-grained as shown by the lower line, and then 
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they would come together again at, say, 1150° or 1200°C. If one 
took the temperature of 925° C. to show the maximum or at least a 
considerable difference, that was no criticism of the McQuaid-Ehn 
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test, in taking one spot on that curve to provide some useful informa- 
tion. It would be remembered that Dr. Houdremont had also dealt 
at length with the same point, and meantime they had agreed to 
differ. 

One final point. Everyone would always listen with the greatest 
respect to Professor Benedicks, and all were no doubt intensely 
interested in the explanation which he had given; but personally 
he hoped that in a written contribution Professor Benedicks would 
apply the same hypothesis to the converse reaction. Professor 
Benedicks had put forward a hypothesis to show why the grains 
should not grow, but it should be pointed out that when that fine- 
grained steel had been coarsened by being heated to, say, 1150° C., 
then by the simple process of reheating to a lower temperature it 
was brought back to the fine-grained state. He looked forward with 
the greatest interest to the application of Professor Benedicks’ 
hypothesis to this fact also. 


Dr. M. L. Becker (Teddington, Middlesex) said that in the first 
section of the paper what seemed to be a plausible explanation of the 
variable Izod values found in manganese-molybdenum steels was 
given. He had himself very little experience of the type of steel in 
question, and he could therefore neither confirm nor contradict the 
statement that a tempering temperature of 670° C. was in excess of 
the lower critical point of some of the segregated bands. As he 
understood the author, the segregated bands were not in themselves 
regarded as particularly deleterious; it was only because the segre- 
gation led to incipient transformation on tempering at 670° C. that 
the lowering of the notch-impact value occurred. He could not 
quite understand why, if that was thought to be so, the author 
had not quoted the results of a few Izod tests on the same steels but 
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tempered at a rather lower temperature. If regularity of the Izod 
results was obtained in that way, it would be strong confirmation 
of the author’s hypothesis; but if, on the other hand, irregular 
results were still obtained, some other explanation would have to be 
sought. The question of whether 670° C. was the right temperature 
at which to temper in practice did not come into this question ; 
it was just a matter of experimenting to see whether tempering at, 
say, 600-650° C. would produce more regular results. 

At the end of Section I. of the paper, the author said ‘‘ When 
banding and heterogeneity have been found in a forging, a homo- 
genising treatment by soaking at high temperatures prior to quenching 
and tempering may be resorted to with advantage.’’ He would like 
to ask whether that was in order to obviate the possibility of bringing 
about incipient transformation, to which he had just referred, or 
whether it was probable that homogenising was in itself useful. In 
recommending this homogenising treatment, he assumed that the 
author would intend that the material, after being heated at the high 
temperature, should be cooled to below the critical range before 
reheating for quenching, because if it were just cooled to the quench- 
ing temperature he thought that the grain size would be somewhat 
coarse and the impact value would in any case be distinctly low. 

With regard to Section IT. of the paper, dealing with the different 
methods of estimating the austenitic grain size, he had been particu- 
larly interested in the author’s rather novel method of etching by heat- 
ing a specimen in chlorine in a gradient furnace. The method would 
be useful in special circumstances, particularly when interest lay in the 
grain size of the surface as distinct from that of the body of the 
metal. He hardly thought, however, that the methods involving 
chlorine and vacuum etching would be generally applicable, because 
it was very difficult to measure with certainty the temperature at 
any particular point along a gradient extending over, say, a 3-in. 
specimen. He thought, therefore, that these methods would be 
open to error, particularly in the hands of inexperienced investigators. 

Although Dr. Swinden had just put in a plea for the original 
McQuaid-Ehn test, and although that test had certainly provided a 
great deal of valuable data, he thought personally that the quench- 
and-etch method, advocated by Vilella and Bain, had much in its 
favour. In other words, he preferred to see a full curve and know 
the whole story rather than obtain the grain size figure at one 
temperature for material of higher carbon content which had been 
heated at that temperature for a relatively long period. It would be 
very valuable to have an etching reagent which would reveal the 
original austenitic grain size in material, say, mild steel, which had 
been cooled in air. On etching mild steel cooled in air, with the usual 
reagents, the ordinary ferrite-pearlite structure was revealed, and 
that very often had little relation to the actual size of the austenite 
grains. If some etching reagent could be developed which would 
reveal the size of the austenite grains it would be very useful. 
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Dr. W. H. Hartrierp, F.R.S. (Vice-President, Sheffield), con- 
gratulated the author on giving a very interesting survey of steels as 
he received them in connection with railway engineering. The 
author did not make it clear whether he had, as a result of his 
experience, any predilection for the coarse-grained or the fine- 
grained steel, and it would be interesting to know whether, in view 
of the fact that he did obtain slightly higher endurance limits and 
deeper hardening from the coarse-grained, he looked rather to the 
coarser than to the very fine-grained steels for the purposes he had in 
mind. 

The author was to be congratulated very heartily indeed on his 
chlorine etch at elevated temperatures. That was something which 
probably everyone would develop as an alternative, and a more 
useful alternative, to the McQuaid-Ehn method of attack. 





CORRESPONDENCE. 
(Figs. D to F = Plate XB.) 


Mr. W. A. Sranrer (London, Midland and Scottish Railway 
Company, London) wrote that he had read Dr. O’Neill’s paper with 
a good deal of interest, as it was a subject that he had been following 
up for the company as a result of the difficulties experienced with 
their supplies of blooms for forging connecting and coupling rods. 
Their experience of the inherently fine-grained steels of both the 
manganese-molybdenum and the straight-carbon type, led them to 
the opinion that they had a wider tolerance for forging temperatures 
and the subsequent heat treatment. As a consequence, they 
obtained much more uniform tests, particularly the Izod test. 


Mr. J. 8S. GLen Prmmosse (Birmingham) wrote that he was especi- 
ally interested in the author’s observations on the cause of variable 
Izod impact figures, and he would like to know if the author had 
noted any marked difference between the fractures of the different 
specimens giving high and low impact values, or even between the 
widely divergent values on adjacent notches in the same test-piece. 
The reason for asking was the fact which he had observed that 
whenever the impact figure fell below the normal value, a marked 
crystalline band appeared across the impact notch fracture. This 
effect was not in any way directional, as the “ streak ’’ always came 
parallel to the bottom of the notch, and was narrow for a small drop 
in value, and wide for a large decrease in the energy absorption. 

Did Dr. O’Neill attribute the lower impact figures to the presence 
of banding as the result of forging? It had not been the writer’s 
experience that there was any connection between the two. What 
appeared to him more probable was that there was a distinct difference 
in many cases between the distribution of the constituents in the 
microstructure. Thus, in a plain carbon-manganese steel (carbon 
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0-36%, manganese 1-4%) with a grain size of 3, the normal heat 
treatment gave a Brinell hardness value of 217 with an impact 
value of only 51 and 54 ft.lb., accompanied by the distinct crystalline 
band (Fig. D). When the heat treatment was slightly altered to 
hasten the cooling both from the quenching and from the tempering 
temperature, the Brinell value was nearly the same at 229, but the 
impact values rose to 86 and 90 ft.lb., and without any sign of 
the crystalline band. The microstructure showed, at high powers, 
that whereas the latter was completely sorbitic, the crystalline 
band in the former was accompanied by a small amount of structur- 
ally free ferrite in an otherwise completely sorbitic ground-mass, and 
this slight unhomogeneity was evidently sufficient to increase the 
tendency to notch brittleness (Figs. E and F). 

With other steels such as manganese-nickel (1% of each) even 
with grain size numbers of 6-8, there were occasional drops in the 
impact value, and in each case this was accompanied by slight 
crystalline bands. The only difference in this case was that even 
at high magnifications there was no appreciable difference in the 
completely sorbitic microstructure to account for the variation in 
the impact value, and other means such as X-ray examination might 
be necessary to distinguish between the high and low impact values. 
So far he had not found any manganese-molybdenum steels to exhibit 
the variation in impact values which the author had recorded. 


AUTHOR’S REPLY. 


Dr. O'NEILL wrote in reply that he was pleased to have Mr. 
Turner’s contribution and was interested to hear that Sir Nigel 
Gresley now specified a minimum Izod value of 35 ft.lb. for his 
nickel-chromium-molybdenum steel connecting rods. When a 
mechanical engineer specified an Izod value for these details, the 
question of employing fine-grained plain carbon steels could be 
considered. The type of alloy finally chosen would depend upon 
the cost and locomotive weight restriction, but fine-grained carbon- 
manganese steels could give a very good account of themselves 
in relation to the more expensive manganese-molybdenum steels, 
whilst they came not far behind the much more costly nickel- 
chromium-molybdenum alloys already referred to. Incidentally 
the latter were more highly alloyed than the interesting die-forged 
rods made in the United States of America by the Timken firm ! 
which would give the properties required by Sir Nigel Gresley’s 
specification at a reduced materials cost—the steel containing 0-36°%, 
of carbon, 1:75% of nickel, 0:75% of chromium and 0-25% of molyb- 
denum. He (Dr. O’Neill) was interested to hear about‘the distortion 
and the banding, and that the cutters were sometimes damaged in 
machining rods made of the Gresley steel. Consequently he would 


1 Tron Age, 1937, vol. 139, Feb. 4, pp. 67. 
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not expect that its machining costs would be the same as those of 
the softer steels mentioned. The fine-grained carbon-manganese 
steels had not damaged the machine tools, and, provided that they 
were not quenched after tempering, the distortion was negligible. 

Mr. Turner mentioned that the Izod figure of 24 ft.lb. reported 
in Table I. for the nickel-chromium-molybdenum steel was not a 
fairexample. This might be true, but nevertheless the results were 
obtained from a rod of this material made and heat-treated by an 
outside contractor of repute. He (Dr. O'Neill) naturally did not 
wish to deprecate the value of steels of that class, for they were 
utilised fairly extensively by his own company. 

It was to be regretted that the use of several magnifications for 
the photomicrographs had made it difficult for Mr. Turner to read 
the paper. Care had been taken to employ the standard magnifi- 
cation of 100 diameters for all pictures where grain size was under 
consideration, but otherwise the working principle was to choose that 
magnification which gave the most suitable picture, considering both 
the field and the features of the camera available. 

Regarding the hardness testing, only two systems had been 
employed (and that for obvious reasons), one being the British 
Standard ball test and the other the British Standard diamond 
pyramid test. The latter had sometimes been referred to in the 
paper by such well-known names as the Vickers test or the 
diamond test, but this should not have caused any confusion. The 
Rockwell system had been quoted in Table VI., but simply because 
one was not entitled to convert another investigator’s Rockwell 
figures into British Standard values, since agreed conversion factors 
were not available. 

The contribution made by Professor Benedicks to the question 
of grain growth was greatly appreciated. Professor Benedicks 
suggested as a first point that boundary surface tension should be 
considered in connection with grain-size properties. This reminded 
one of past work of Professor F. C. Thompson on the subject. 
As a second point it was advanced that there might be an inter- 
ference or stabilising effect at the grain boundaries due to the 
presence of hard material (such as aluminium nitride or vanadium 
nitride) in steels which had been treated with grain-refining additions. 
Such material was supposed to hinder grain growth at increasing 
temperatures by virtue of a kind of friction phenomenon. This 
hypothesis was similar to the views put forward by Houdremont 
and Schrader,! when they suggested that difficultly-soluble carbide, 
oxide and nitride nuclei hindered grain growth. The same authorities 
also suggested that ageing effects in steel were probably due to the 
precipitation of compounds the nature of which was modified by 
the aluminium addition generally introduced into fine-grained 
steels. The nuclei which thus prevented grain growth were said 
to go into solution at those higher temperatures which eventually 

1 Stahl und Hisen, 1936, vol. 56, p. 1412. 
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caused coarsening even in fine-grained steels, and to that extent 
the permanent damage which such steels did undergo at the 
highest temperatures (e.g., 1250° and over) might be explained. 

The effect of thoria in controlling the grain sizes of tungsten- 
lamp filaments was well known, and particle theories had therefore 
to receive careful attention. In the course of the discussion, however, 
Dr. Swinden had asked why a coarsened steel of inherent fine grain 
could be refined by reheating to some such temperature as 925° C. 
In reply Dr. Benedicks had written to the author as follows: 
“ The fundamental phenomenon to which we refer is that a dissolved 
‘horophile ’ substance A primarily uniformly distributed in itself 
becomes enriched in any grain boundary. This enrichment repre- 
sents, at least in principle, a reversible equilibrium state (of course, 
provided a certain time is allowed). The surplus of A which 
existed at a boundary, will be uniformly distributed when that 
boundary no longer exists. Now, reheating your A-containing 
steel—irrespective of its thermal prehistory—to 925°C., it has 
received from the aluminium a fine grain size—as for any steel 
(without A). In the presence of A, its restricting action on the 
boundaries will make itself noticeable at least as soon as the initial 
very rapid boundary movement has slowed down, so as to permit 
the capillary enrichment to operate. Consequently, the grain size 
obtained at 925° C. will be considerably finer than in the absence 
of the grain boundary stabiliser A.”’ 

The author could agree with Professor Benedicks that this part 
of metallography required much more experimental work. 

Dr. Vietorisz raised an interesting point regarding impact values 
in the two directions, and the figures at the bottom of Table X. might 
be of interest in this respect. He remarked that the impact values 
of nickel-chromium-molybdenum steels could be greatly improved 
by quenching and annealing three times. This might be of academic 
interest in connection with the solution of small carbide particles, 
but it was appreciated that in practice such treatment would be too 
expensive, and the question of surface deterioration should be 
considered. 

Dr. Swinden’s discussion was very welcome, for in 1935 when 
Mr. Stanier agreed to experiment with fine-grained steels, they 
were fortunate in finding that Dr. Swinden was in a position to manu- 
facture the billets. In reply to the invitation to say definitely 
whether objection could be taken to the inclusions in fine-grained 
steel, the answer was that experience so far had not shown that the 
aluminium-killed steel was noticeably dirtier than ordinary or 
“undoped ” steel. Dr. Swinden drew attention to his 1913 Carnegie 
Scholarship Memoir dealing with the effect of the dnitial heating 
temperature on molybdenum-bearing steels. If, during forging, a 
segregated manganese-molybdenum steel reached, say, 1200° C., it 
was presumably suggested that a change was to be expected. The 
memoir referred to indicated a lowering of the Ar points with the Ac 
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points unchanged—though an unusual heating absorption at 610° C. 
was noticed in one case. His (Dr. O’Neill’s) experiments mentioned 
on p. 192 p had not indicated any great differences due to varying the 
forging temperatures between 1125° and 1350°C., whilst a slow 
heating curve to 1200°C. had given Ac, max. at 750°C. and Ar 
points at 560° and 450°C. There actually appeared to be some 
sensitiveness of the manganese-molybdenum steels round about 
their Ac, region, and the question of maximum treatment tempera- 
ture would have to be borne in mind. 

In reply to Dr. Becker (and Mr. Primrose had raised the same 
point), the banding itself was considered to be deleterious, as well 
as the possibility that it might extend the transformation range. 
Tempering at 600° C., as suggested by Dr. Becker, would be a good 
test regarding the latter point, but such experiments had not been 
made. The work was done more than two years ago, and the 
material under consideration was not now available. High-tem- 
perature soaking was intended solely to homogenise the steel as much 
as possible, and of course it would be allowed to cool to 400° C. 
before the usual oil treatment. 

Dr. Hatfield referred to the slightly higher endurance limit for 
a given heat treatment of the coarse-grained steel reported in Table 
VI. The point about those tests was that the ratio of the endurance 
value to the tensile strength was the same in each type of steel; 
therefore, if the fine-grained steel were treated to an acceptable 
tonnage, its fatigue properties would be equally acceptable. For 
the purposes under consideration the fine-grained steel was therefore 
certainly to be preferred to the other, since it gave in addition the 
higher impact value, and the depth-hardening properties were not 
involved in the case of oil-quenched rods (see p. 205 P). 

The interesting communication from Mr. Glen Primrose drew 
attention to the bright crystalline deformation streak in fractured 
impact test-pieces which had given low results. He could confirm 
the same effect in manganese-molybdenum steels. The observed 
presence of some free ferrite in such bands in carbon-manganese 
steel was important, but he (Dr. O’Neill) would not have expected 
it alone to reduce the impact value to any appreciable extent. This 
view was rather confirmed by Mr. Primrose’s observation that no 
ferrite could be found in the low-impact fractures of the 1% man- 
ganese, 1% nickel steels. It would be interesting to know whether 
that ferrite were associated with a transformation abnormality in 
the Ac, region. 

In conclusion he was glad to have Mr. Stanier’s support for the 
observations put forward regarding the suitability of the fine-grained 
steels. 
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MORPHOLOGY OF THE INCLUSIONS IN 
SIDERURGICAL PRODUCTS.! 
PARTS IV. AND V. 


By Proressor A. M. PORTEVIN anp RENE CASTRO (Paris). 


(Figs. 1 to 47 = Plates XI. to XIX.) 


ABSTRACT. 


In Parts I. and II. the authors described the morphological aspect 
of inclusions in iron and ordinary steels, in the presence of manganese, 
silicon, and aluminium on the one hand, and of sulphur and oxygen 
on the other. Part III. related to inclusions met with in industrial 
steels and alloys containing chromium in addition to the elements 
mentioned above. 

In Part IV. the authors describe and illustrate the inclusions 
characteristic of the presence of titanium, zirconium, and vanadium. 

In Part V. general considerations on the identification and the 
definition of non-metallic inclusions are presented. 


Part IV.—TiITaNiumM, ZIRCONIUM, AND VANADIUM STEELS AND 
ALLOYS.” 

THE special alloying elements which, apart from chromium, give 
rise to the formation in steel of very special types of inclusions, are 
titanium, zirconium, and vanadium. The last part of this research 
on the inclusions in siderurgical products will therefore illustrate the 
classic types of inclusions containing these elements, besides de- 
scribing other types which are less known but nevertheless typical. 


A.—TITANIUM. 


(1) In the Presence of Oxygen.—The available data regarding the 
oxide inclusions met with in steels or alloys containing titanium are 
rather indefinite. According to Cain,’ titania is easily miscible with 
the silicates of manganese, and renders them more fusible and more 
fluid, while Comstock ‘ states that it does not, in this case, affect the 
outward appearance of the inclusions. 

Among the scanty but rather more precise data available with 


1 Received February 4, 1937. 

* Part I., Introduction; Part II., Iron, Steels and Alloys not containing 
Special Elements. Journal of the Iron and Steel Institute, 1935, No. IL., 
pp. 237-274. 

Part III., Chromium Alloys and Chromium Steels. Journal of the Iron 
and Steel Institute, 1936, No. II., pp. 213 p-239 p. 

3 Cain, Chemical and Metallurgical Engineering, 1920, vol. 23, p. 879. 

* Comstock, Chemical and Metallurgical Engineering, 1922, vol. 26, p. 165. 
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regard to the presence of TiO, in steel, Burgess and Quick 1 mention, 
in steels treated with titanium, small, dark angular particles of 
violet colour, which can easily be polished and are not attacked by 
the usual reagents. These data have been included, as they stand, 
in the identification tables for inclusions, such as those of Wohr- 
man, but the aspect of such inclusions has not been accurately 
specified since. 

However, since ferro-titanium, when used as an addition, contains 
appreciable percentages of aluminium and silicon, the characteristics, 
outlined above, of the inclusions which are said to be composed of 
TiO, differ little from the properties of certain silicates or silico- 
aluminates, so that confusion may arise in identifying them. As a 
matter of fact, inclusions identical in appearance with the silicates 
of alumina are often the only ones met with in such steels. The phase 
which may probably be regarded as an oxide containing a high per- 
centage of titanium, and which, if not met with in all steels to which 
titanium has been added, is found only in these particular steels, is 
perfectly opaque and of a peculiar brick-red colour when examined 
under an immersion objective, whilst it is violet or brownish-violet 
in colour when examined under a dry objective ; these characteristics 
enable it to be distinguished from silicate of alumina, which is trans- 
lucent and generally colourless. Moreover, it is highly anisotropic 
in polarised light, besides which it is not very fragile and takes a good 

olish. 

c In steel as cast, the inclusions of this oxide assume the form of 
globules of different size and shape, but they are generally small (1 to 
5 uz), isolated, or in clusters (Figs. 1 and 2), and their contours are 
either rounded, or more or less irregular. As they are not very plastic, 
these particles are not drawn out by cold-working. They form lines 
which may or may not be linked up with lines of nitride or cyano- 
nitride of titanium (Figs. 3,4, and 6). The comparatively large ele- 
ments of this phase may be broken up into angular fragments (Fig. 
5). It is sometimes found that these inclusions themselves include 
crystals of titanium nitride (Fig. 7). 

Finally, in the coarse inclusions of silicate met with in the region 
of the crop-ends of steel to which ferro-titanium has been added, 
this brick-red phase is separated into globulites or dendrites 
(Fig. 8). 

There may be, a priori, a certain amount of indecision with regard 
to the identification of this phase. Either from its colour or its 
double-refracting properties, it may be regarded as titanate of iron, 
TiO,.FeO, or ilmenite, or else titania (‘TiO,) or rutile. 

It seems as though one must accept the first hypothesis, (1) 
because the non-idiomorphous form in globules which are often 
spherical in shape indicates the presence of a compound having a 
comparatively lower melting point than steel, this being the case 

1 Burgess and Quick, U.S. Bureau of Standards, 1923, T'echnological 
Paper No. 241. 
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for ilmenite but not for rutile, and (2) because of the typical opacity 
of the former substance. 

In aluminothermic ferro-titanium, the oxide phase most fre- 
quently met with has a dendritic crystalline form (Fig. 9), is blackish 
or colourless, and is only very slightly double-refracting. Its 
composition should be looked for in the series TiO,—Al,O3. 

(2) In the Presence of Sulphur.—Iit has been stated that titanium 
does not alter the appearance of the manganese sulphide inclusions in 
steel, but only their distribution (Comstock, Burgess, and Quick), an 
addition of this element causing a greater dispersion of the particles 
of sulphide. This seems to be quite true in the case where com- 
paratively small additions of titanium have been made and have been 
substantially converted into slag, so that there are not appreciable 
quantities remaining in the dissolved state in the metal. 

However, where the added amounts are higher (of the order of 
0-5 to 1% of titanium, for instance), the sulphide phase appears to be 
different from what might reasonably be expected for the same com- 
position without the addition of thiselement. The sulphide assumes 
the form of irregular particles which are definitely less deformable 
than manganese sulphide and which are therefore often broken up 
under mechanical treatment into fragments that are frequently very 
fine. They are harder than MnS§, and stand out in appreciable relief 
when polished. When they are examined in reflected light with a 
dry objective, it is sometimes difficult to distinguish them—especially 
if the sample is well polished—from titanium cyanonitride. They 
are pale pink in colour and possess a high degree of brilliancy. 
Nevertheless, these particles are not so hard or fragile as the cyano- 
nitride; they have no well-defined crystalline shapes, and after im- 
mersion in cedarwood oil (Fig. 10), they exhibit a loss of brilliancy 
and a colour tending towards that of FeS, whereas the cyanonitride 
remains brilliant, and assumes a more bluish tint. Again, this sul- 
phide phase is anisotropic, whereas the cyanonitride is isotropic. 

In the cast state, this sulphide may be met with in the form of 
lamellz (Fig. 11)—an aspect which has already been mentioned by 
Urban and Chipman." 

These sulphides are not attacked by 5% sulphuric acid, whereas a 
10% aqueous solution of chromic acid reacting on them for 15 min., 
has set up oxidation with iridescence. This higher resistance to the 
action of sulphuric acid, which is interesting in connection with the 
results of the Baumann test (sulphur print), has already been noted 
by Valenta and Poboril.? 


1 Urban and Chipman, J'ransactions of the American Society for Metals, 
1935, vol. 23, pp. 93, 645. 

2 Valenta and Poboiil, International Foundry Congress, Brussels, 1935. 
It should be noted that in 1901, Blair and Shimer (T'ransactions of the American 
Institute of Mining and Metallurgical Engineers, 1902, vol. 31, p. 748), during 
a study of cast irons prepared from titaniferous magnetites, observed a 
crystalline sulphide, insoluble in hydrochloric acid but soluble in nitric acid, 
which they isolated by solution and fractional decantation of the residue. 
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(3) In the Presence of Nitrogen.—It is known that every time 
an addition of titanium is made to steel, this element energetically 
fixes the nitrogen contained in it, with the formation of inclusions of 
nitrogen compounds. 

These nitrides, which—like the nitrides of zirconium and 
vanadium—are related to the corresponding carbide and seem to 
form continuous series of solid solutions with it, are, however, 
regarded generally as non-metallic inclusions (see Part V.). 

Owing to their particular aspect, which differs markedly from 
that of the inclusions usually met with in steels, they have occupied 
the attention of metallographers for some time now; they are also 
frequently mentioned in published papers." * Lamort * and Com- 
stock ¢ were among the first to mention them as inclusions in both 
steels and titanium alloys. 

It is usual to differentiate between the nitride of titanium, 
Ti,N,, and the “ cyanonitride,” Ti,(C,N),, the latter being a nitride 
containing an indefinite quantity of carbide in solution. These 
two substances are broadly distinguished by their colour, which is 
golden-yellow in the case of the nitride and pink in the case of the 
cyanonitride. Both crystallise in the cubic system. 

In ferro-titanium, the nitride usually assumes the form of den- 
dritic octahedra of fairly large dimensions; these have a metallic 
lustre, and are very hard and difficult to polish (Figs. 12 and 13). 
Lamort mentions that it may also be present in the form of globules. 

The cyanonitride, which is more abundant when the ferro- 
titanium contains more carbon, is in irregular masses (Fig. 13), 
or well-formed crystals (Fig. 15) which sometimes surround crystals 
of nitride. The idiomorphous dendritic arrangement of the nitrides 
shows that they have a high degree of solubility in molten ferro- 
titanium. 

It should be noted that the colours of these two compounds are 
never very clearly defined; the nitride may assume every shade 
from bright golden-yellow to duller brass-yellow and pale tan, whilst 
the cyanonitride may range from yellowish-pink to pink and violet- 
pink. These variations in coloration may coincide with gradual 
changes in concentration of the solid nitride-carbide solution. 

The nitrides and cyanonitrides visible in steel are of much smaller 
dimensions than in the previous case (approximately 1 to 8 p). 

The nitride occurs in the form of golden-yellow cubic crystals, 
usually well formed (Fig. 14), although they may also be more or less 





The product obtained, of a bronze colour and containing 62-82% of titanium, 
1-82% of iron, 9-82% of carbon and 22-64% of sulphur, may be regarded as a 
titanium sulphide more or less contaminated with carbide. 

1 Benedicks and Léfquist, ‘‘ Non-metallic Inclusions in fron and Steel.”’ 
London, 1930: Chapman and Hall. 

2 McCombs and Schrero, Mining and Metallurgical Investigations, Co- 
operative Bulletin, No. 70, 1935. 

3 Lamort, Ferrum, 1914, vol. 11, p. 225. 

* Comstock, Chemical and Metallurgical Engineering, 1914, vol. 12, p. 577. 
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broken up by hot-working (Fig. 5). When polished, they stand out 
in bold relief and with a domed surface, and they have no plasticity. 

The cyanonitride, which may assume the same form (Figs. 16 
and 17), is frequently more irregular (Figs. 10 and 18). Whilst, like 
the nitride, the cyanonitride would not appear to possess the slightest 
degree of malleability throughout the range of temperatures at which 
steel is hot-worked, yet it is no rare thing to find these inclusions in 
shapes which are more or less elongated in the direction of rolling 
(Fig. 19). These shapes are probably due to the metal surrounding 
the inclusions flowing and tending either to break up the inclusion 
into very fine fragments, or to “‘ wear’”’ it and give it an elongated 
form. 

As with ferro-titanium, the nitride and the cyanonitride very 
often crystallise together, a crystal of nitride usually forming the 
nucleus for the deposition of the cyanonitride crystal (Fig. 16); but 
the separation of these two constituents may be indefinite, and in the 
same inclusion the colour may range from yellow to pink and violet- 
pink at various points. 

In a research on the nitrides of titanium, Comstock (loc. cit., 1914) 
stated that, in addition to the pink cyanonitride, there were a large 
number of paler pink inclusions in steel rails to which titanium had 
been added. These were present in very small elements which it was 
impossible to identify (Comstock made his examinations at 200 and 
400 diameters). The present authors have found these elements 
(0-1 to 1 u) in a large number of titanium steels. From an examina- 
tion made at a magnification of 2000 diameters, they appear to 
consist partly of the sulphide phase mentioned above, and also of 
nitride and cyanonitride in a high state of dispersion. 

Owing to their high density (above 5) and their smallness, these 
inclusions are hard to eliminate from the bath of liquid steel, except 
the ones which are attached to oxide inclusions by coalescence 
(Fig. 7). Moreover, they are always present in steel to which even a 
small percentage of titanium has been added. Conversely, their 
presence in steel does not always indicate an intentional addition of 
titanium, especially if they are found only in exceptional cases. 
Owing to the low chemical affinity of titanium nitride, if residues of 
metal remain on the walls or the hearth of the furnace, even after the 
latter has been completely emptied, it may be found sporadically 
in the subsequent heat or heats carried out without the addition of 
this element. 

Although Comstock states that, unlike alumina, nitride or cyano- 
nitride of titanium never occurs in groups or lines, but in a dispersed 
form, nevertheless clusters of nitrides are found, both in carbon steels 
and, particularly, in rustless steels. These clusters, especially in 
the latter case, are very detrimental to the surface polish, because, 
owing to its very considerable hardness, titanium nitride, like 
alumina, gives rise to the production of ‘‘ comets’ tails.”’ 

In addition to the classic compounds formed by titanium in 








228 P PORTEVIN AND CASTRO: MORPHOLOGY OF 


the presence of nitrogen, Stead 1 has mentioned the existence, in 
blast-furnace bears, of two compounds, one dark blue and the other 
copper-red in colour, crystallising in the same geometric form as 
titanium nitride, and which from a residue analysis are said to be the 
definite combinations Ti(CN), and Ti(CN), + 3Ti,N, (or else TiCN + 
3Ti,N ?). These compounds are rarely met with in steels and 
industrial alloys (except in the titaniferous ferro-manganeses). The 
addition of ferro-titanium to cast iron produces mainly crystals of a 
compound of always the same crystalline form as Ti,N,, but bluish- 
grey in colour. These crystals are composed of the carbide TiC, 
and do not contain nitrogen.? Cyanonitride in smaller elements 
is found in cast iron, in addition to this carbide. 

As regards the compounds defined above, it should be noted that 
Agte*® studied the titanium nitride—carbide system micrographic- 
ally, thermally and by X-rays, and found that these two bodies give 
a continuous series of solid solutions without the formation of definite 
compounds. All the compositions of this series, except pure TiC, 
are said to be golden-yellow in colour. The question arises, then, as 
to whether the various colorations observed for nitride and cyano- 
nitride of titanium are due solely to variations in the carbon content, 
or to variations in the nitrogen content as well, as Burgess and Quick 
were the first to suppose. Actually, there is a nitride Ti,N,,4 
brown or violet in colour, the properties of which approximate to 
those of Ti,N,. This hypothesis appears doubtful, however, as the 
nitride does not crystallise in the cubic system. 


B.—ZIRcONIUM. 


(1) In the Presence of Oxygen—No mention has previously 
been made of the presence of ZrO, in the alloys or steels containing 
zirconium, probably because this element is nearly always introduced 
into steel in the form of silico-zirconium with a fairly high percentage 
of silicon, which would mean that it would tend to produce silicates 
containing variable percentages of zirconium. 

In ferro-silico-zirconium, the oxide phase occurs in the form of 
idiomorphous crystals of triangular or square section (Fig. 20), or 
else more or less rounded (Fig. 21). These are either colourless or 
greenish-grey under conical illumination and double-refracting in 
polarised light. They have a melting point which is therefore higher 
than that of the alloy, and may be formed by a silicate of the series 
Si0,-ZrO, (zircon). 

In steels deoxidised by silico-zirconium, it is impossible to find 


1 Stead, Journal of the Iron and Steel Institute, 1918, No. I., p. 157. 

2 Hoffmann, Schrader, and Hoesch, Archiv fiir das Hjsenhiittenwesen, 
1936, vol. 10, p. 65. 

8 . Dr.-Ing. Dissertation, pp: 38-41. Berlin, 1931: Edit. Thomas 
and Hubert, Weida. See also Becker, ‘‘ Héchstschmelzende Hartstoffe und 
ihre Anwendung,” pp. 86-88. Berlin, 1933: Verlag Chemie. 

4 Pascal, Traité de Chimie Minérale, 1932, vol. 5, p. 603. 
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any feature peculiar to the oxide inclusions met with. They are 
small rounded grains, hard, but easily polishable (Figs. 22 and 23). 
They are usually transparent, and colourless or greenish, and are not 
very plastic when hot. One may agree with Urban and Chipman that 
these inclusions are not pure zirconium silicate, because their melting 
point is lower than that of the metal, but a silicate of iron and 
manganese containing zirconium. 

(2) In the Presence of Sulphur.—Feild 1 has studied the effect of 
an addition of zirconium—which, like manganese, makes steel more 
forgeable—on the aspect and distribution of the sulphide inclusions. 
That author has shown that the sulphides containing zirconium 
closely resemble MnS, and are also deformed by forging or hot- 
rolling. The only definite characteristic of these sulphides, according 
to Feild, is that they are not attacked by acids like hydrochloric 
acid at full strength, which makes it impossible to estimate the 
total sulphur by the ordinary methods of attack. 

In sulphurised iron treated with silico-zirconium, Urban and 
Chipman have recently found yellowish anisotropic and grey iso- 
tropic inclusions, of crystalline appearance, which are not deformed 
in the hot state, and they think that the plastic sulphides observed by 
Feild in his experiments were not pure zirconium sulphide, but must 
have been sulphides of manganese containing zirconium. 

The following observations substantially confirm the findings of 
these authors. The yellowish-grey sulphide inclusions resemble 
iron sulphide, but are crystalline (Fig. 24); they withstand dilute 
sulphuric and hydrochloric acid, but are very rapidly dissolved by a 
boiling solution of alkaline sodium picrate (Fig. 25). They are 
markedly anisotropic. Without being truly plastic, they may be 
slightly deformed at ordinary forging temperatures. It is probable 
that this phase replaces the plastic sulphide of manganese (and zir- 
conium) when the percentage of zirconium in the metal is sufficiently 
high. 

The grey-blue phase, which Urban and Chipman think is an 
oxysulphide, also appears when sulphur has not been added to the 
metal; it is isotropic; it appearsin the form of crystallised particles 
(Fig. 26) closely resembling the manganese sulphide in cast irons, 
or it may assume the form of irregular fragments (Fig. 24), and it is 
harder than the sulphide previously described. The idiomorphous 
crystals of this phase seem to be formed around tiny nuclei, which are 
probably almost submicroscopic particles of zirconium nitride. 
These nuclei are definitely identifiable when larger (Fig. 27) and 
possess crystalline forms which are identical with that of the crystal 
which has deposited round them. 

This phase is not attacked by the reagents ordinarily used for 
detecting inclusions. The present authors do not think it is a sul- 
phide or an oxysulphide, the very great majority of which crystallise 

1 Feild, Transactions of the American Institute of Mining and Metallurgical 
Engineers, 1923, vol. 69, p. 848; 1924, vol. 70, p. 201. 
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in the hexagonal (anisotropic) system, but rather zirconium carbide, 
ZrC. According to Vogel and Léhberg,! this carbide appears at 
fairly low percentages of zirconium and carbon, occurring in the form 
of dove-grey crystals which are visible without etching and are 
distributed singly or in clusters. Since, like the nitride ZrN, they 
cerystallise in the typical sodium chloride cubic system, and with 
a lattice of nearly the same dimensions (az = 4-71-4-76 A. ;2 
dz:~ = 4°63 3), it is not surprising that these two substances should 
crystallise together easily. 

(3) In the Presence of Nitrogen.—Like titanium, zirconium 
possesses a considerable affinity for nitrogen, which it fixes in the 
form of nitrides. The aspect and distribution of these nitrides has 
not yet been studied in ferro-silico-zirconium. Large quantities of 
them are found in it, irregularly distributed. They are octahedral 
crystals which, unlike titanium nitride, can easily be polished ; 
and they occur singly or distributed into groups (Figs. 20 and 
28), and sometimes appear to be crossed twins (Fig. 29). They 
may be found in the inside of oxide inclusions (Fig. 21)—an arrange- 
ment which has already been noted by Feild for large inclusions ob- 
served in steels deoxidised with zirconium, and to which he ascribes 
the mechanism of the elimination of the nitrogen by the floating-up 
of the whole. 

The coloration of these nitrides calls for special mention. 
Actually, it is rarely uniform, but may vary over the following 
range: lemon-yellow —orange -brown—purple— medium-violet— 
medium-blue—pale-blue. The crystals of violet tint closely resemble 
chromite, and have the same habit and the same truncations. 

This gamut of colours may sometimes be found entirely inside 
the same crystal (Fig. 30). The graduated appearance of a given 
crystal is retained after several repolishings, and this indicates that 
it is due to actual variations in coloration, and not to an effect of 
surface oxidation set up during the polishing. There is thus a varia- 
tion in composition of a solid solution within the crystal, this varia- 
tion being set up during growth of the idiomorphous crystal. The 
question now arises as to what are the two limits of this solid 
solution. 

Zirconium nitride may be said to answer to the formula ZrN and 
to be light lemon-yellow in colour. Now the last term of the series 
of colorations, light greyish-blue, appears to be identical with the 
zirconium carbide mentioned above. Since the silico-zirconiums 
(and alumino-zirconiums) examined contained 0-6 to 1% of carbon, 
it is quite possible that the particular solutions involved are con- 
tinuous solid solutions of the system ZrN-ZrC, in which it is difficult 


1 Vogel and Léhberg, Archiv fiir das Kisenhiittenwesen, 1934, vol. 7, 
p. 474. 

2 Friedrich and Sittig, Zeitschrift fiir anorganische und allgemeine Chemie, 
1925, vol. 144, p. 71. 

% Becker and Ebert, Zeitschrift fiir Physik, 1925, vol. 31, p. 268. 
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for any homogenising effect to take place owing to the extremely high 
melting points of these substances (3225 + 50° K. and 3805 + 250° 
K., respectively (Becker, loc. cit.)). 

This hypothesis seems to be confirmed by the fact that the nitride 
prepared by the action of nitrogen on zirconia in the presence of 
carbon (Friedrich and Sittig, loc. cit.), and which is said to be 
impure,! has a yellow colour of a more brownish tinge (see the 
second stage of the series of colours). Finally, the following 
qualitative observation may be noted : 

In a melting test carried out on a charge made up of equal parts 
of silico-zirconium and iron in a high-frequency laboratory furnace, 
the operation was performed in a graphite crucible lined with 
magnesia. Owing to considerable superheating at the end of the 
operation, the lining of the crucible was slagged over a great part of 
its thickness, which gave rise to a slight carburisation of the charge 
by the graphite crucible. An examination of the crucible metal 
revealed large quantities of lemon-yellow zirconium nitrides, with 
very rapid transition to a border of the blue-violet phase. 

There would therefore appear to be a “ cyanonitride”’ of zir- 
conium in the ferro-zirconiums, just as there is a similar cyanonitride 
of titanium. 

In steel deoxidised by zirconium, and where there are only small 
quantities of this element in the metal, the nitride appears in the 
form of small light lemon-yellow crystals, which are square, rectan- 
gular, triangular, trapezoidal or octagonal in section. They possess 
a very high reflecting power, which makes them difficult to photo- 
graph without etching (Fig. 31). Once the metal has been etched, 
these crystals stand out better on the background, either because the 
latter is darker (Fig. 32), or because the contour of the nitride 
crystals is outlined by a deposit of cementite or carbides (Fig. 33). 
To this nitride Feild has assigned the formula Zr,N,, but it would 
well seem to be ZrN. As its density approaches that of steel (6-93, 
according to Friedrich and Sittig), it is almost impossible for it to be 
floated-up in the liquid metal. It can only eventually be eliminated, 
after formation, by the process mentioned by Feild, i.e., by agglo- 
meration and entrainment with the oxide phase. Zirconium nitride 
can be distinguished from titanium nitride by its being paler in 
colour, softer, and easy to polish. 

In steels which contain higher percentages of zirconium, this 
yellow nitride is supplemented by small orange-red crystals of the 
same shape but slightly harder, around which the yellow nitride is 
often deposited (Figs. 27 and 34). This particular arrangement of 
the second phase is probably identical with what Urban and Chip- 
man term the “ complex pink cells.’’ The orange-coloured nitride 
may be either a “ cyanonitride ’’ of the series described above, or 
else a nitride richer in zirconium, Zr,N,, which has been prepared 


1 Agte and Moers, Zeitschrift fiir anorganische und allgemeine Chemie, 1931, 
vol. 198, p. 233. 
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chemically by Wedekind,! and which he states is the colour of 
* tombac.” 

Feild states that the yellow nitride is etched by the boiling 
alkaline picrate reagent, but the present authors have been unable 
to reveal this susceptibility, despite numerous attempts. 


C.—VANADIUM. 


(1) Inthe Presence of Oxygen.—Very little descriptive information 
has been published with regard to the oxide inclusions in steels and 
alloys containing vanadium. Matuschka ? mentions the existence, 
in ferro-vanadium, of the trioxide V,O,, or vanadous oxide. This 
oxide is met with in the form of solid or hollow idiomorphous crystals 
(Fig. 35) resembling Cr,O, in the ferro-chromiums, or in systems of 
lamelle parallel to the cleavage planes of the large crystals of the 
ferro-alloy (Fig. 36). It is black in colour and rather difficult to 
polish ; it is translucent and colourless when thin, and anisotropic. 

The only data as to the presence of oxides of vanadium in iron 
are those published by Mathewson, Spire, andSamans.* By melting 
electrolytic iron in a magnesia crucible lined with vanadous oxide, 
these workers were able to obtain crystalline inclusions in the metal. 
By comparing these inclusions with aggregates of oxides, under the 
microscope and with X-rays, they identified them with the vanadium 
spinel V,0,.FeO. 

Electrolytic iron to which vanadium has been added also exhibits 
these crystalline inclusions (Fig. 40), which are sometimes dendritic 
(Fig. 37) and resemble the chromite Cr,0,.FeO, although they cannot 
be polished so well. When examined under an immersion objective, 
these crystals are dark greyish-brown, whereas under a dry objective 
they appear to be rather more violet-coloured, opaque, and isotropic. 
Near the head of an ingot prepared in this way, films (Fig. 38) and 
clusters (Fig. 39) of these vanadium spinel crystals have been found. 
They closely resemble the arrangement of inclusions in the form of 
films or clusters produced when aluminium is added to oxidised 
iron, and they appear to be formed by a similar mechanism. In 
industrial vanadium steels, the spinel inclusions met with are gener- 
ally of small dimensions (3 to 5 u), and are crystalline as well. Owing 
to their smallness, it is very difficult to distinguish their colour in this 
case. They frequently serve to initiate the crystallisation of vana- 
dium nitride (Figs. 41 and 44). 

(2) In the Presence of Sulphur.—In the manganese and non- 
manganese steels to which vanadium has been added, the sulphides 
exhibit no morphological characteristics differing appreciably from 
those which they possess in the absence of this elgment. These 


1 Wedekind, Annalen der Chemie, 1913, vol. 395, p. 149. 

2 Matuschka, Stahl und Hisen, 1936, vol. 56, p. 764. 

* Mathewson, Spire, and Samans, Transactions of the American Society for 
Steel Treating, 1932, vol. 20, p. 357. 
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sulphides offer a higher resistance to etching by acids, in the same 
way as when chromium, titanium or zirconium is added to steels. 

(3) Inthe Presence of Nitrogen.—The published descriptions of the 
vanadium nitride inclusions in steel are even less detailed still than 
they are for the oxide. 

According to Benedicks and Léfquist (loc. cit.), Kent Smith is 
said to have described this constituent as occurring in the form of 
rounded particles of a greyish-brown colour tinted with violet. This 
description tallies perfectly with that of the spinel V,O,.FeO 
described above, and it is possible that confusion may have arisen in 
this respect. 

In laboratory melts made without any precautions to exclude 
contact with air, as also in the presence and the absence of carbon, 
the authors have found a phase which may very probably be regarded 
as being this nitride, VN. It appears in the form of crystals having 
regular contours (Fig. 42), or else more or less rounded, slightly pink 
in colour, of exceptional hardness, and with more sheen than the 
ground-mass (Fig. 43). These inclusions resemble titanium cyano- 
nitride, but are lighter in tint, more brilliant, and harder. They 
frequently crystallise round nuclei of vanadium spinel. It should 
be noted that the two substances crystallise in the regular system. 
In industrial steels, the vanadium nitride may be present in very 
small elements (less than 2 »), either singly or in groups (Fig. 44). 


Part V.—GENERAL CONCLUSIONS. 


(1) Notes on the Identification of Inclusions. 


For an almost identical chemical composition, the inclusions in 
siderurgical products may assume various forms and structures— 
much more 80, in fact, than the constituents of steel. The types of 
inclusions described in Parts IT., III., and IV. of this paper form only 
a very small part of those which are likely to be met with, and it is 
often necessary to complete their study in each particular case. 

As far as the present authors know, there is no microscopic 
method which, of itself, enables the inclusions to be identified in all 
cases. 

(1) The etching methods of identification suggested by Wohrman, 
and Campbell and Comstock, and recently completed by Urban and 
Chipman, although they may be useful to non-experienced observers 
and in relatively simple cases, become unnecessary as soon as a little 
practice has been gained in the examination of inclusions. Actually, 
it is not necessary to adopt methods of chemical attack to distinguish 
a sulphide from a silicate or from an alumina cluster. These sug- 
gestions have been drawn up as the result of observations made on a 
limited number of special cases, and cannot be applied to every case. 
Slight variations in the composition of the non-metallic substance 
may considerably modify their etching characteristics. The results 
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of an etching test with a given reagent also depend largely on the size 
of the inclusions. They are more difficult to assess in the case of 
small inclusions than of large ones. As regards certain reagents— 
say, hydrofluoric acid—which strongly attack the ground-mass, the 
observer may be led to believe that certain inclusions of small dimen- 
sions are completely dissolved by this reagent, whereas they may 
have disappeared merely as the result of the corrosion of the metal 
directly surrounding them. Finally, these authors state that the 
sensitivity of a given reagent may vary considerably for one and the 
same type of inclusions which are otherwise easily detectable. 
According to Feild, for instance, the yellow zirconium nitride is said 
to be attacked by a boiling solution of alkaline sodium picrate, 
whereas Urban and Chipman find that this reaction does not modify 
the yellow nitride, but merely darkens the “ pink cells’; nor have 
the present authors found these two constituents sensitive to this 
reagent. Again, Baeyertz states that chromite is etched by the 
boiling acid permanganate reagent (see Part III.), a reaction which 
the present authors were able to confirm, whereas Schafmeister and 
Moll ! were unable to demonstrate such attack. 

The use of etching reagents for detecting inclusions may therefore 
be useful in certain cases for purposes of study, but cannot be em- 
ployed as the sole criterion, nor as the main characteristic, for identi- 
fying the nature of inclusions. 

(2) As already stated, an examination of inclusions in polarised 
light between crossed nicols may enable the observer to distinguish 
the isotropic vitreous and crystalline substances (regular system) 
from the anisotropic substances (all the other crystalline systems), 
without its being possible to state, in the latter case, to what system 
the crystalline substance belongs.2 Nevertheless, the direct results 
of this type of examination must be interpreted with caution, especi- 
ally if the inclusions studied are transparent or translucent, in view 
of the disturbing effects set up by elliptic polarisation, due to reflec- 
tion at the bottom of the inclusions, 7.e., at the surface of separation 
between the inclusion and the metal. In the case of spherical and 
transparent vitreous inclusions (silicates) it has already been seen 
that these reflections tend to produce what is termed the “ black 
cross ’’ phenomenon—a fact which can be demonstrated a priori 
by geometrical methods (Dayton), and which should scarcely be 
attributed to anisotropy of the vitreous substance due to stresses 
set up during the cooling following their formation. Similarly, if a 
transparent vitreous inclusion is elongated by hot-deformation, 
these stray reflections tend to give it a pseudo-anisotropic appearance 
in polarised light. The elongated inclusions light up and are extin- 
1 aoe and Moll, Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 


p. 15 
2 Recently, von Schwarz and Daschner (Zeitschrift fiir Metallkunde, 1936, 
vol. 28, p. 343) have outlined a process by which mono-axial types of metallic 
crystals may be distinguished from bi-axial types by examining them in 
polarised light and observing the sequence of the colours. 











a a a a a a ae a ee 


~~ 











THE INCLUSIONS IN SIDERURGICAL PRODUCTS. PART V. 235 P 


guished in the region of their median transverse plane four times for 
each revolution of the microscope stage, the positions of extinction 
being those where the axis of elongation of the inclusion coincides 
with the axes of polarisation, and the positions of illumination being 
at 45° from these axes. The direct interpretation of this aspect, 
between crossed nicols, of a transparent vitreous inclusion elongated 
by rolling may lead the observer to think that the particular crystal 
is anisotropic (Schafmeister and Moll, loc. cit.). 

This stray effect of elliptic polarisation may be demonstrated in 
the following very simple fashion : 

If glycerine be finely sprayed on a metal surface lightly coated 
with grease, the liquid does not wet the metal, but deposits on it in 
the form of hemispherical or hemi-ovoid droplets (Fig. 45). An 
examination between crossed nicols reveals the black-cross pheno- 
menon on the hemispherical droplets, while on the hemi-ovoid 
inclusions it reveals the phenomenon of pseudo-anisotropy mentioned 
above (Figs. 46 and 47). 

It may therefore be concluded with certainty that the inclusion 
studied is anisotropic if it is opaque (sulphides, ilmenite, &c.), in 
which case the lighting-up and extinguishing effect is simply due to 
the rotation of the plane of polarisation of the incident light by reflec- 
tion on the outside plane and polished surface of the inclusion. If 
the substance is transparent, still greater caution is necessary when 
drawing conclusions. The observer should select for his determina- 
tions, crystals which, for instance, are thick enough to be not very 
transparent and will not give rise to these stray reflections ; and, with 
elongated inclusions, he should verify that the positions of extinction 
do not coincide systematically with the directions of the planes of 
polarisation. 

(3) One of the most important distinguishing features is the 
colour of the inclusion, and difficulties may also arise in determining 
this factor. As already noted, it is necessary to distinguish between : 

(a) The colour by transmitted light, or the true colour (for the 
transparent or translucent non-metallic substances). It may be 
determined— 

(i) By examination under an immersion objective, since immer- 
sion in cedarwood oil usually considerably diminishes the quantity 
of light reflected by the plane and polished surfaces of the inclusion 
compared with the light diffused by its internal constituents. 

(ii) By examination in polarised light, bearing in mind, however, 
that certain anisotropic inclusions exhibit marked pleochroism, ?.e., 
colours of polarisation which vary with the angle of rotation of the stage. 

(iii) Or, better still, by examination under conical illumination. 

Generally speaking, the true colour observed is independent of 
the magnifying power. 

(6) The colour by reflected light (for all non-metallic substances, 
whether transparent or not). Contrary to the foregoing, this 
colour, which is the one observed in ordinary examinations in re- 
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flected light, may vary considerably for one and the same substance. 
It may vary: 

(i) With the magnification. Increasing the magnification lightens 
the apparent colour of the inclusions. This is mainly due to 
the fact that the inclusions usually appear dark in contrast to the 
unetched metal surrounding them. For a field of given dimen- 
sions, the relative area of the inclusion increases with the magnifica- 
tion, which means that this contrast diminishes, and the colour 
observed appears to be lighter. 

(ii) With the type of objective (immersion or dry). Immersion 
in cedarwood oil sometimes completely alters the colour of the 
inclusion, whether the latter be transparent (in which case its true 
colour is observed) or opaque. In the latter case, immersion modi- 
fies the reflectivity of the inclusion, but to an extent which varies 
with the wave-length. Thus, chromite changes from light violet- 
grey to greyish-black, and ilmenite from violet-brown to brick-red. 
Generally speaking, examination under a dry objective gives more 
violet-shaded colours than an immersion objective does. 

(iii) With the dimensions of the inclusion and the degree of 
surface polish. Certain very hard inclusions, especially those of 
small dimensions, have not always a plane surface, but one which is 
more or less domed. When inclusions of this kind are examined 
by reflected light, diffraction phenomena are set up by diffused 
reflection at the edge of the inclusion. These phenomena are more 
pronounced, the smaller the inclusion, the lower the magnifying 
power, and the smaller the “‘ aperture diaphragm ”’ of the Koehler 
illuminating system of the microscope. (The Koehler system in- 
cludes two distinct diaphragms, the so-called “‘ aperture diaphragm ” 
and the “field diaphragm.””) As a result, the dark-tinted inclusions 
(alumina) appear in the form of almost black grains, whereas the 
light-coloured inclusions (titanium cyanonitride) exhibit colours 
ranging from dark grey to bright pink when the focus is altered 
slightly (the same phenomenon as that observed on carbides polished 
in low relief and visible without etching). To ascertain the colour 
of such inclusions by reflected light, they should be examined with 
an immersion objective at the highest possible magnification, and 
with a large ‘‘ aperture diaphragm ”’ and an illuminated field confined 
to a small circumference surrounding the inclusion (small “ field 
diaphragm ’’). 

The same applies when the inclusion has a rough surface owing 
to defective polishing (chromic oxide in the ferro-chromiums, titan- 
ium nitride in the ferro-titaniums). Instead of possessing a uniform 
tint, the inclusions exhibit differently coloured shadows, which may 
wrongly indicate the existence of several constituents.? 


1 R. Castro, “ Progrés dans la Technique de la Métallographie Micro- 
scopique.”’ Paris, 1936: Hermann. 

2 Grant, Transactions of the American Society for Steel Treating, 1931, 
vol. 19, p. 178. 
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(iv) With the surface condition of the metal surrounding the 
inclusion. 

For the reasons of contrast mentioned in (i), it may be very 
useful to reduce the contrast by etching the metal, preferably so as to 
give it a uniform and fairly dark colouring. Heat-tinting gives 
excellent results, provided that it does not corrode the actual non- 
metallic surface. For instance, the vitreous or micro-crystalline 
chromous silicates met with in chromium steels (Part ITI., Figs. 34 
and 35) appear greyish-black on the bright ground-mass of the 
polished metal, whereas if the ground-mass be heat-tinted they 
assume a bluish-green colour. The brown colour of vanadium 
spinel has been definitely assessed by the same process. It should 
be noted, however, that if the ground-mass is a bright colour—red 
or blue, for example—the inclusion has a colour which appears to be 
modified by the complementary tint. 

(2) Definition of Inclusions. 

The nitrides raise the problem of defining the inclusions in steel, 
and, more generally, the inclusions in metallic materials. Thus 
the nitrides of iron are not regarded as inclusions, whereas the nitride 
or cyanonitride of titanium is classified among them. It therefore 
appears well to attempt to specify this definition more clearly, or to 
limit the use of the term. 

The term “inclusion”? connotes a substance which is foreign 
to the essential constitution of the alloy, and even sometimes detri- 
mental to it, and this again connotes the idea of an impurity, or of 
more or less partial insolubility in the metal. The term is often 
amplified into “ non-metallic inclusion ”’ and “ slag inclusion.”” The 
prefix “ non-metallic” tends to define the non-metallic character 
of the inclusion, and the prefix “ slag ” denotes that this type of in- 
clusion arises from the retention of the slags formed by the metal- 
lurgical reactions (exogenous inclusions)—that is to say, they are 
mostly silicates, or related to silicates. It may be added that the 
original conception that endogenous inclusions were elementary 
internal slag, developed by one of the present authors (Portevin and 
Perrin), agrees well with the view just expressed. 

Finally, the expression “‘ sonim ”’ suggested by Hibbard connotes 
the ideas of solid (so), non-metallic (n), and impurity (im). 

It should be noted that all the substances termed non-metallic 
inclusions are combinations of metals and metalloids, the latter 
being oxygen, sulphur, phosphorus, and nitrogen. The converse is 
not necessarily true, as all the combinations of this kind are not 
termed inclusions—the carbides, for instance. 

The main constituents (oxides, sulphides, nitrides, carbides) 
which may be classed as inclusions will now be briefly reviewed 
from the following standpoints : 

(1) Insolubility in the metallic phase (liquid and solid). 
(2) Conversely, solubility in the usual metallurgical slags. 
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(3) The part they play, i.e., detrimental, useless or useful, 
as defining whether they deserve to be termed impurities or not. 

(4) Non-metallic character regarded in terms of physical 
properties (especially conductivity, opacity, brightness) and 
atomic combinations. 


Among the physical properties, the metallic conductivity and 
the reflecting power (whence the opacity and brightness) associated 
with it are the most characteristic. To these properties others may 
be added, giving the following tentative classification : 


Metallic Substances : Non-Metallic Substances : 

High mechanical strength. Low mechanical strength. 

Usually malleable, even at low tem- Usually brittle—at low temperatures 
peratures. anyhow. 

High conductivity (metallic conduc- Low conductivity (electrolytic con- 
tivity); decreases with the tem- ductivity); increases with the 
perature. temperature. 

High density. Low density. 

Opaque. Often transparent or coloured. 

Metallic lustre. No metallic lustre. 


Some of these data are not determined numerically but are 
assessed qualitatively, especially the mechanical properties of the 
inclusions,! owing to their smallness. The characteristic most 
readily accessible to metallographic observation is the colour, 
and it is the one that has been most often used as a basis for 
classification into inclusions or metallic constituents, according to 
whether or not they possess a different colour from white. In steel, 
for instance, the coloured oxides and sulphides have been classed 
among the inclusions, whereas the carbides and phosphides, which 
are colourless (with the exception of TiC, which is slightly coloured, 
and ZrC which is markedly greyish-blue) have not. Similarly, the 
coloured nitrides TiN, ZrN, and VN are regarded as inclusions, 
whereas the colourless nitrides Fe,N and CrN are not. This implied 
classification has unconsciously led some investigators to regard 
ZrC as a non-metallic inclusion, owing to its colouring closely 
resembling that of a sulphide. 

The various interpretations outlined above are partly linked up 
with each other. Thus, the metallic character usually corresponds 
with solubility in metals and insolubility in silicate slags, and the 
non-metallic elements are more often detrimental to the usual 
properties of steel. 

If one adheres to these cursory and superficial examinations, the 
distinction seems to be clear enough, but it becomes much less so 
when one tries to go deeply into the matter, as will be seen below. 


1 It must be remembered that the malleability varies considerably in a 
non-metallic substance, depending on whether it is isolated or embedded in 
the metal. In the latter case (sulphides, for example), the effect of the 
restraint or the distribution of the stresses in the three directions increases the 
malleability greatly (Scheil). 
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(a) Oxides and Oxidised Products—These include the metallic 
oxides, and particularly silica and alumina, which combine with the 
others to form silicates and aluminates. These are differentiated as : 

(i) Silicates (aluminates and silico-aluminates).—These represent 
the most typical of the non-metallic inclusions, as they have a low 
degree of solubility in liquid metals, and an extremely low degree in 
the corresponding solid metals. Like the aluminates, they are ionic 
in character, and are electrolysable (the electrolysis of the silicates 
of iron and lead has been regarded as a possibility). They are often 
transparent and coloured, and they may be taken as a standard for 
comparing the following inclusions. 

(ii) Oxides.—Although the basic alkaline oxides (NaO, CaO, 
MgO) are ionic, and the acid oxides (SiO,, Al,O,) are regarded as 
being linked atomically by co-valency (Lewis, Grimm) or partly 
ionic (Bragg), the metallic character begins to manifest slightly in 
certain basic oxides; those of iron, nickel, and cobalt are more 
soluble in the corresponding molten metal, and the protoxide Cu,O 
is soluble in molten copper up to about 10%. Intermediately, MnO 
is said to be ionic in character. 

Although there is a miscibility gap between silica and different 
oxides (iron, cobalt, nickel, magnesium, calcium), it should be noted 
that magnetite, chromite, and other spinels are all the more soluble 
in slags and scorias when they are very basic. 

The oxides of the ferrous metals are also coloured. 

Generally speaking, the oxides and silicates are regarded as detri- 
mental impurities, although it is difficult to advance positive and 
numerical arguments in support of this opinion.* 

(b) Sulphides.—Although certain sulphides are markedly ionic, 
electrolysable (aluminium sulphide), and have very little colour 
(zine sulphide), the metallic character manifests itself in the sulphides 
of the heavier metals. Iron sulphide is soluble in iron, and partially 
soluble in molten basic slags, just as manganese sulphide is. The 
sulphides of nickel and cobalt are completely miscible with their 
molten metals and practically insoluble in their slags. They exhibit 
metallic lustre and conductivity. 

As already mentioned in the course of this study, oxides and 
sulphides are frequently associated, and yield inclusions giving mixed 
eutectics. The sulphides may be partially soluble in the solid metal 
(breakdown of the sulphide network by heating at a high tem- 
perature). The morphological aspect, apart from the colour, closely 
resembles that of the carbides, with which they may form eutectics. 

Although, like the oxides, the sulphides are regarded as im- 
purities, they are utilised to facilitate the machining of certain 
grades of steel, and are intentionally added to the manganese spring 
steels, as they improve the properties in the longitudinal direction.” 

(c) Nitrides and Carbides.—Although the alkaline carbides are 

1 R. Castro, Bulletin de la Société d’ Encouragement, 1936, vol. 135, p. 677. 

2? Houdremont and Bennek, Stahl und Hisen, 1932, vol. 52, p. 653. 
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ionic (note the solubility of calcium carbide in blast-furnace and elec- 
tric steel furnace slags), the carbides and nitrides of the heavy metals 
are markedly metallic. The nitrides and carbides of iron are com- 
pletely dissolved in the molten metal and form with it solid solutions 
which are of fundamental importance as regards the properties and 
treatment of siderurgical products. 

More generally, the compounds formed by carbon and nitrogen 
(and phosphorus and boron as well) with the transition metals possess 
a metallic character which is not found in the other metals and the 
metalloids, and it is difficult to see why, in this respect, the nitrides 
of titanium should be separated from the others. It should be noted 
that certain refractory nitrides and carbides (tungsten, zirconium, 
vanadium, titanium) tend to form atomic networks of very consider- 
able hardness; by extrapolation the carbides of boron and silicon 
and carbide of carbon, or the diamond, fall within this category. 
The study of the constituents of the ferrous alloys shows the 
similarity of the carbides and nitrides—a fact which was very 
obvious when the ferro-chromiums and ferro-zirconiums were being 
investigated. 

In conclusion, it follows from what has just been said, that : 

(1) For a given cation, the metallic character of the compounds 
increases in the following order : 

O —>S—»> N and C (also P and B). 

(2) For a given anion (oxygen, sulphur, nitrogen or carbon), 
the metallic character appears to assume the following order of the 
compounds with : 

Alkalis and alkaline earths—Mg and Al—Mn—Fe, Co, Ni—Cu. 


If, therefore, inclusions are to be defined as non-metallic, this involves 
difficulties every time it is desired to separate them into a continuous 
and progressive series. It hardly appears possible to give a general 
definition applicable to all the inclusions of all the metals. By con- 
fining oneself to the ordinary inclusions of iron and the metals 
related to it, one would be tempted to make the arbitrary and 
conventional division : 

Inclusions : Silicates, aluminates, oxides, sulphides.} 

Metallic constituents: Nitrides, carbides (borides, and perhaps phosphides). 
Moreover, as one of the present authors (Portevin, loc. cit.) has 
recently stated, the idea of an impurity or detrimental element is 
entirely relative and variable.” 


This study has been carried out in the department devoted to the 
estimation of oxygen and inclusions of the laboratories of the Ugine 


1 It should be noted that Sauveur mentions “non-metallic or oxidised 
impurities ’’ in speaking of the inclusions in this connection, and these include 
the oxides, silicates and aluminates. 

2 A. Portevin, Bulletin de la Société des Ingenieurs-Soudeurs, 1935, Oct., 
p. 1914. 
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Electric Steelworks. The authors would like to thank the manage- 
ment of the works for permission to publish these results, and 
Monsieur Perrin in particular for his collaboration. 


Compositions of Samples Photographed. 

No. 1.—Medium soft steel containing titanium; as cast. Carbon, 0-25%; 
silicon, 0-05%; manganese, 0:01%; titanium, 0-1%; sulphur, 
0:016%; phosphorus, 0-015%. 

No. 2.—Mild steel containing titanium; rolled. Carbon, 0-080%; silicon, 
0-28%; manganese, 0-30%; titanium, 0-9%; sulphur, 0-:016%; 
phosphorus, 0:020%. 

No. 3.—Rustless steel; as cast. Carbon, 0-13%; silicon, 0-51%; man- 
ganese, 0:67%; nickel, 95%; chromium, 16-7%; _ titanium, 


No. 4,—Joint “of a weld made with an Armco iron filler rod coated with 
powdered ferro-titanium. Not analysed. 

No. 5.—Armco iron remelted and deoxidised with silico-titanium; as cast. 
Carbon, 0:030%; silicon 0-205%; manganese, 0-230%; titanium, 
115%. 

No. 6. —Sample of various lots of aluminothermic ferro-titanium. Average 
analysis: carbon, 0:6%; silicon, 4:7%; aluminium, 23-8%; 
titanium, 245%. 

as cast. Carbon, 0-35%; silicon, 
0-45%; manganese, 0-16%; titanium, 0-24%; sulphur, 0-015%; 
phosphorus, 0-016%. 

No. 8.—Nickel-chromium steel deoxidised with titanium; rolled. Carbon, 
0-45%; silicon, 0-35%; manganese, 0:29%; nickel, 2-7%; chrom- 
ium, 0-8%; titanium, traces. 

No. 9.—Rustless steel containing titanium; forged. Carbon, 0-:80%; 
silicon, 0-57%; manganese, 0:36%; nickel, 8-8%; chromium, 
175%; titanium, 0-45%. 

No. 10.—Samples of various lots of ferro-silico-zireonium. Average analysis : 
zirconium, 60:5%; carbon, 0-92%; silicon, 10-2%; aluminium, 
1-9%. 

No. 11.—Swedish iron remelted with an addition of zirconium; forged. 
Carbon, 0-:15%; zirconium, 0-32%. 

No. 12.—Swedish iron remelted with an addition of zirconium; forged. 
Carbon, 0-185%; zirconium, 0-89%. 

No. 13.—Ferro-nickel containing chromium. Carbon, 0-5%; silicon, 0-5%; 
nickel, 20:-6%; chromium, 13-7%; zirconium, traces. 

No. 14.—Ferro-vanadium. Carbon, 0-1%; vanadium, 80%. 

No. 15.—Remelted Armco iron, deoxidised with ferro-vanadium; as cast. 
Carbon, 0:030%; silicon, 0:10%; manganese, 0:06%; vanadium, 
2-93%. 

No. 16.—Swedish iron remelted with an addition of ferro-vanadium; forged. 
Carbon, 0:21%; vanadium, 4:6%. 





Samples Nos. 4, 11, 12, and 16 were prepared by Mr. D. Séférian, 
to whom the authors wish to express their thanks. 


Description of Illustrations on Plates XI.-XIX, 
PuaTE XI. 


Fic. 1.—Sample No. 1, as cast. Unetched. Irregular globules of ilmenite. 
Colour deep brick-red (immersion). X 1100 

Fic. 2.—Sample No. 1, as cast. Ground-mass etched in nitric acid. 
Ilmenite globules. x 1100. 
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3.—Sample No. 2, rolled. Unetched. Strings of grains of ilmenite and 

of titanium nitride. The ground-mass is regularly dotted with 
nitride inclusions. XX 65. 

4,—Sample No. 2, rolled. Unetched. A detail of Fig. 3. Well- 
formed light-coloured crystals: yellow titanium nitride. Dark 
globules: deep brick-red ilmenite. x 1100. 

5.—Sample No. 3, as cast. Unetched. Dark constituent: ilmenite. 
Irregular clear crystals with surfaces often rough and difficult to 
polish : yellow titanium nitride. x 1100. 

6.—Sample No. 2, rolled. Unetched. Ilmenite inclusion broken into 
angular fragments by the rolling. x 1100. 


Puate XII. 


7._Sample No. 4, welded joint. Unetched. Irregular rounded 
ilmenite inclusion. Dark brick-red in colour, containing well- 
formed crystals of yellow titanium nitride. x 1100. 

8.—Sample No. 5, as cast. Unetched. Part of a large inclusion, 
showing opaque ilmenite dendrites in a greenish translucent 
vitreous silicate ground-mass. Due to an effect of contrast the 
brick-red colour of the ilmenite appears lighter than in the pre- 
ceding micrographs. x 1100. 

9.—Sample No. 6, as cast. Unetched. Dendritic oxide inclusion in 
an aluminothermic ferro-titanium. Grey-black colour. Difficult 
to polish. x 165. 

10.—Sample No. % rolled. Unetched. Very irregular brilliant grains 
with rough surfaces and in strong relief: pink cyanonitride of 
titanium. Greyish duller grains, with smoother surfaces, and in 
only slight relief: light tan-coloured sulphide of titanium (man- 
ganese and iron). The minute dots distributed over the ground- 
mass consist of these two phases in a very finely divided state. 
x 1100. 

11.—Sample No. 7, as cast. Unetched. Light tan-coloured idio- 
morphic lamelle of sulphide of titanium (manganese and iron). 


x 1100. 
Puate XIII. 


12.—Sample No. 6, as cast. Unetched. Crystals “6 dendritic golden- 
yellow titanium nitride in ferro-titanium. x 

13.—Sample No. 6, as cast. Unetched. Yellow peaaiitiier crystal 
of titanium nitride set in an irregular crystal of bright pink 
titanium cyanonitride. x 500. 

14.—Sample No. 6, as cast. Unetched. Bright irregular crystals with 
partially pitted surfaces: straw-yellow titanium nitride. Darker 
coloured regular crystal: yellowish-pink titanium cyanonitride. 
The black dots are polishing pits. x 330. 

15.—Sample No. 8, rolled. Ground-mass etched in nitric acid. Golden- 
yellow regular rectangle of titanium nitride with surface rendered 
convex by the polishing. x 1100. 

16.—Sample No. 2, rolled. Unetched. The arrows point to pink 
crystals of titanium cyanonitride; the crystal a has formed around 
a small element of yellow nitride slightly in relief in regard to 
itself; the focus was adjusted on this small element. The elongated 
inclusions in the centre of the micrograph are sulphides of titanium 
(manganese and iron) drawn out by the rolling. , x 1100. 

17.—Sample No. 2. Oblique illumination. Cubic crystal of pink 
titanium cyanonitride isolated from the residue from the chlorine 
attack of the specimen corresponding to Fig. 16. In this crystal a 
‘kernel’ of yellow titanium nitride stands out, its shadow being 
visible on the face of the cube. x 2200. 
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Puate XIV. 


18.—Sample No. 3, rolled. Unetched. Group of pink titanium cyano- 
nitrides. xX 1100. 

19.—Sample No. 9, rolled. Unetched. Titanium cyanonitrides elon- 
gated in the direction of working. x 1100. 

20.—Sample No. 10, as cast. Unetched. Dark triangular and 
rectangular crystals: greenish-black zirconium silicate. Light- 
coloured quadrangular crystals: zirconium nitrides. From the 
centre to the edges, their colour varies from purple to orange and 
back to purple. x 1100. 

21.—Sample No. 10, as cast. Unetched. Irregular crystal of zirconium 
silicate, colourless, transparent to greenish-black, containing two 
well-formed crystals of bright yellow-orange zirconium nitride. 
x 1100. 

2.—Sample No. 11, forged. Unetched. Group of globules of silicate 

of iron, manganese, and zirconium in a zirconium steel. Colourless 
to greenish- black. x 165. 

23.—Sample No. 12, forged. Unetched. Stringsofsilicate of manganese, 
iron, and zirconium in a zirconium steel. Colourless or grey. The 
arrow indicates a yellow nitride with an orange centre. x 1100. 


PLaTE XV. 


24.—Sample No. 12, forged. Unetched. Light tan-coloured zirconium 
sulphide crystal in the form of a lozenge. Irregular crystals of 
bluish-grey zirconium carbide in slight relief. x 1100. 

25.—Sample No. 12, forged. Same point as that shown in Fig. 24; 
etched in boiling alkaline sodium picrate. The sulphide is dissolved 
entirely, while the carbide has remained unaltered. x 1100. 

26.—Sample No. 12, forged. Unetched. Regular bluish-grey crystals 
of zirconium carbide crystallised round minute centres. x 1100. 

27.—Sample No. 12, forged. Unetched. Complex inclusion showing 
three constituents crystallised in superimposed layers. From the 
centre towards the edge, the dark constituent is orange-coloured 
zirconium nitride, the brighter constituent is lemon-yellow zirconium 
nitride, and the intermediate constituent is bluish-grey zirconium 
carbide. The contrasts have been exaggerated in reproduction. 
x 1100. 

28.—Sample No. 10, as cast. Unetched. Group of zirconium nitride 
crystals in a silico-zirconium. The colour varies from purple 
through orange to lemon-yellow. x 1100. 


Puate XVI. 


29.—Sample No. 10, as cast. Unetched. Crossed twin-like crystals of 
zirconium nitride. Colour orange to purple. x 660. 

30.—Sample No. 10, as cast. Unetched. At the centre, a zirconium 
nitride crystal showing a progressive variation of colour: from the 
centre to the edges, blue—violet—purple—yellow-orange. x 1100. 

31.—Sample No. 11, rolled. Unetched. Two crystals of light lemon- 
yellow zirconium nitride. x 1100. 

32.—Sample No. 13, forged. Etched in nitric acid. Four light lemon- 
yellow crystals of zirconium nitride standing out from the etched 
ground-mass of the metal. x 1650. 

33.—Sample No. 13, forged. Etched with Murakami’s reagent. The 
arrow indicates a zirconium nitride crystal surrounded by a deposit 
of carbides coloured by the etching reagent. x 1650. 

34.—Sample No. 12, forged. Unetched. Complex zirconium nitride. 
Centre, orange; periphery, light yellow. x 2200. 








244 P PORTEVIN AND CASTRO : MORPHOLOGY OF THE INCLUSIONS IN 


Fia. 
Fia. 
. 37.—Sample No. 15, as cast. Unetched. Brown dendrite-like crystal of 
Fia. 
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Pratt XVII. 


35.—Sample No. 14, as cast. Unetched. Hollow crystals of grey- 
black vanadous oxide. x 120. 

36.—Sample No. 14, as cast. Unetched. Vanadous oxide in dendrite- 
like lamellae. x 120. 


vanadium spinel. x 1100. 

38.—Sample No. 15, as cast. Unetched. Non-metallic films formed of 
vanadium spinel crystals. x 165. 

39.—Sample No. 15, as cast. Unetched. Film and cluster of vanadium 
spinel. x 165. 

40.—Sample No. 15, as cast. Unetched. A detail of Fig. 39. Idio- 
morphic crystals of rather brittle vanadium spinel (surface pitted). 
Colour, brown. x 1100. 


Puate XVIII. 


41.—Sample No. 16, forged. Unetched. Inclusions of vanadium spinel 
(dark) surrounded by a border in relief of vanadium nitride. x 1100. 

42._Sample No. 16, forged. Unetched. Three bright rosy-grey 
crystals of vanadium nitride with convex surfaces owing to the 
ee The middle crystal contains an element of spinel. 
x 1100. 

43.—Sample No. 16, forged. Unetched. Hard and bright irregular 
inclusions of vanadium nitride. (The dull grey inclusion is 
sulphide.) x 1100. 

44._Sample No. 15, as cast. Heat-tinted. Cluster of small rosy-grey 
elements of vanadium nitride crystals around minute centres of 
spinel. x 1100. 


Puate XIX. 


45.—Polarised light, parallel nicols. Hemispherical and hemi-ovoid 
droplets of re deposited on a slightly greased metallic 
surface. X 

46.—Polarised light, ‘crossed nicols. Same point as in Fig. 45. The 
hemispherical droplets show the black-cross phenomenon; the 
arms of the cross are parallel to the axes of polarisation. The axis 
of the hemi-ovoid drop is at 45° to the axes of polarisation; it 
presents a light effect in the neighbourhood of its median transverse 
section. xX 165. 

47.—Polarised light, crossed nicols. Same point as in Figs. 45 and 46 
after the microscope stage had been rotated through 45°. The 
black crosses remain unmoved; the axis of the hemi-ovoid droplet 
being parallel to the axes of polarisation, this has been extinguished. 
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CORRESPONDENCE. 
(Figs. D to J = Plates XIXA. and XIXB.) 


Professor Dr. F. K6rBeErR (Diisseldorf, Germany) wrote that he 
wished to amplify the authors’ very valuable and suggestive work 
on certain points by means of the results of researches of an 
entirely different kind which he had made at the Kaiser-Wilhelm- 
Institut fiir Eisenforschung in collaboration with Dr. W. Oelsen. 
Whilst the authors’ investigations had dealt predominantly with 
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Fic. A.—The Slagging Behaviour of Vanadium, Manganese and Chromium in 
Relation to the Ferrous Oxide Content of the Silicate Slags. Melting 
experiments made in sand crucibles. 


the appearance of the inclusions in various steels, he and Dr. Oelsen 
had been concerned with the conditions of formation of non-metallic 
inclusions in steel. They had attacked the problem of deoxidation 
from a quite different direction, in that they had examined the 
equilibria between iron melts and mixtures of oxides. These 
yielded evidence concerning the oxide inclusions which separated 
out when a deoxidising element was added to a steel containing 
oxygen, and when correctly interpreted showed the general principles 
for the estimation of the reducing action of the various elements. 
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On the basis of these investigations, the authors’ data regarding 
the deoxidising action of vanadium could be extended.! Fig. A 
indicated the status of vanadium as a deoxidiser in comparison 
with manganese and chromium in the presence of silicon in the 
metal bath and silica in the slag or furnace lining. Values of the 
distribution ratio of the three elements between silicate slags and 
iron melts at 1600° C. in relation to the ferrous oxide contents of 
the slags were given. Manganese was slagged most heavily, next 
followed vanadium, and only then chromium; in this series, then, 
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Fic. B.—The Relation of the Slagging Behaviour of Vanadium to the Man- 
ganese Content of the Metal Layer. The final silicon contents of the 
melts are given by curve cd. (The curves are not to be regarded as 
equilibrium curves, as no account has been taken of the manganous oxide 
contents of the slags.) 


the deoxidising* effect of the three elements decreased in the 
presence of silicon or silica. The manganese could protect the 
vanadium from being slagged or decrease considerably its action 
as a deoxidiser. This was shown particularly clearly in Fig. B, in 
which the partition coefficients of vanadium for various manganese 
and silicon contents were given. Very small contents of manganese 
and silicon were sufficient to decrease very much the vanadium 
contents of acid slags and hence the silicate inclusions in steels. 
The situation was quite different with silica-free slags or 


1 F. Korber, Stahl und Eisen, 1936, vol. 56, pp. 433-444. 
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silicon-free steel melts. For such slags Fig. C showed the slagging 
behaviour of manganese and vanadium in relation to the ferrous 
oxide contents; the reducing or deoxidising action of vanadium 
markedly exceeded that of manganese. Thus the conditions were 
the reverse of those for acid slags. 
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Slags compared with that of Manganese. The slagging behaviour for 
acid slags, according to Fig. A, is also indicated. 


From the foregoing it was to be expected that the deoxidising 
action of vanadium, in comparison with that of manganese, would 
be basically different on steels containing silicon from that on 
silicon-free steels. In steels containing silicon vanadium played a 
much smaller part in the deoxidising effect than in silicon-free 
steels. In the first case predominantly manganese silicates with 
only small contents of vanadium trioxide were formed, whilst in 
the second case high-melting-point compounds of vanadium 
trioxide with ferrous oxide and manganous oxide could be produced. 

The writer’s researches gave a further indication regarding the 
deoxidising action of titanium. Titanium was a much stronger 
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deoxidiser than silicon, because in a sand crucible at 1600° C. only 
0-02% of titanium was reduced from a slag containing over 40% 
of TiO,, 30% of SiO, and about 30% of MnO by an iron melt 

ing more than 2% of silicon; that was to say, the deoxidising 
effect of 2%, of silicon was not greater than that of 0-02°% of titanium. 
Regarding the behaviour of molten titaniferous silicate slags, it 
might be mentioned that titanium oxide displaced very largely the 
silica from saturated iron-manganese silicates. In a sand crucible 
at 1600° C. slags with 60% of TiO, and 20% of MnO plus FeO took 
up only 20% of silica. In the presence of iron melts they were very 
fluid and could be poured easily. 


Mr. G. F. Comstock (Niagara Falls, N.Y., U.S.A.) wrote that 
all those interested in non-metallic inclusions in steel owed a debt 
of gratitude to the authors for their exceptionally complete and 
instructive paper on this subject. The photomicrographs were of 
unsurpassed excellence and showed remarkable skill in polishing. 
It was unfortunate, however, that their titles were so placed in 
relation to the Plates and the text that the reader was obliged to 
look on at least three pages to find out what a given illustration 
represented. 

The writer found no other point in this paper to criticise, and 
was glad to record his agreement with the authors in their state- 
ments, particularly with regard to the compounds of titanium, 
which he had been investigating for a number of years. The 
conclusion that the nitrides and carbides of titanium, zirconium, 
&c., should be considered and classified as metallic constituents 
rather than as inclusions was especially gratifying, and agreed 


entirely with the writer’s view of the question. It should be 


generally adopted. 


Dr.-Ing. H. Wentrup (Essen) wrote that in their compre- 
hensive and fundamental research on the inclusions in alloy steels 
the authors also dealt with the reaction products formed by the 
combination of titanium with the oxygen and nitrogen dissolved in 
steel. In investigations concerned with the relations of titanium 
on the one hand with oxygen and nitrogen on the other, he himself 
had made observations on the formation of the inclusions produced, 
and he desired to make them available as a supplement to the 
authors’ results. 

The melts on which the microscopic examinations were made 
were derived from about sixty individual experiments, in which 
increasing additions of titanium were made to Armco iron (0-08% 
of oxygen, 1575°C.) in order to determine the depression of the 
oxygen content in relation to the titanium content. The titanium 
contents remaining in the melts lay between zero and 1:3%. 
Micro-examination showed that the precipitation of oxide took 
place fairly completely in the still liquid steel. No support was 
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found for the suggestion that more oxide was precipitated after the 
iron had started to crystallise. That was readily understood when 
it was remembered that even in the molten condition titanium 
reduced the oxygen content of the steel to a value of about 0-004% 
for 0-5% of titanium and 0-003% for 1-0% (1575° C.). 

Micro-examination confirmed, further, the authors’ observation 
that part of the precipitate occurred as droplets, i.e., was molten 
at the moment of formation, but that the greater part of the oxide 
precipitate was produced in the solid form, 7.e., crystallised out. 

Now, it was noteworthy that the appearance and structure of 
the oxide inclusions did not alter as the titanium content increased. 
Only with the lowest titanium contents were the inclusions grey in 
colour; with higher contents they were reddish-grey to violet. 
This fact seemed to indicate that the inclusions no longer con- 
sisted of FeO.TiO, (ilmenite) but that titanium oxide (rutile) was 
present. This assumption was supported by analytical examination 
of the reaction of titanium with oxygen in liquid steel; it appeared 
that the affinity of titanium for oxygen was much greater than that 
of silicon. The hypothesis was therefore proved that with such 
titanium contents FeO could not be stable in the oxide precipitates, 
just as in the case of low silicon contents the separation of ferro- 
silicates disappeared and in their place pure silica was precipitated. 
If this assumption was correct it must certainly be assumed that 
earlier investigations of the melting point of titanium oxide agreed 
better with the facts than later determinations. The earlier work 
of Cusack! and of Tammann? showed that titanium oxide melted 
at about 1560°C., i.e., in the temperature range in which the 
experiments quoted were carried out. The more recent researches 
of Wartenberg and Prophet, according to which titanium oxide 
melted at 1825° C., certainly could not be reconciled with his (Dr. 
Wentrup’s) hypothesis. 

Fig. D showed the precipitation of molten and solid oxides 
below the surface of a melt. Fig. E illustrated how an oxide film 
could prevent the complete flowing-together of a melt. In Figs. 
F and G could be seen how the oxides had obviously separated out 
in a definite orientation to one another. 

In the writer’s researches the formation of titanium nitrides 
was also investigated. The interesting fact was revealed that the 
oxide film formed from titanium could obviously promote the 
balling-up of the nitrides into larger masses. In Fig. H was shown 
an oxide film under which the titanium nitrides rising in the liquid 
melt had accumulated. The titanium nitride and titanium oxide 
precipitates appeared to have no mutual influence on each other; 
both constituents were plainly almost completely insoluble in one 
another. For this reason the titanium nitride was found irregularly 

1 Landolt-Bérnstein, ‘‘ Physico-Chemical Tables,” vol. I., pp. 361, 561. 


2 Ibid., supplementary vol. I., p. 224. 
3 Ibid., supplementary vol. I[Ja., p. 330. 
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distributed in oxide precipitates (Fig. I). Only occasionally did 
titanium oxide precipitates appear to act as nuclei for the titanium 
nitride crystals; thus in Fig. J titanium nitride crystals which had 
crystallised out round oxide cores could be seen. 


Mr. K. G. Lewis (Wolverhampton) wrote to ask the authors if 
they had had any experience of deoxidation by means of zirconium, 
in the form of various alloys, apart from the experiments described 
in the paper. 

He stated that microscopic examination of sections from blooms 
and bars of a large number of different steels, all of which contained 
small amounts of zirconium (form unknown) due to deoxidation by 
ferro-silicon-zirconium, failed to show the presence of inclusions of 
the type described by the authors. The sulphur content of all these 
steels was below 0:03%, and no zirconium sulphide could be 
detected, while manganese sulphide was noted in only a few 
instances. Thus, although zirconium, as a deoxidation product 
(oxide or silicate, as the case might be) was present, it existed in a 
form sufficiently fine to be undiscernible at a magnification of 300. 
Further, the external defects sometimes noticed in the case of 
material which had been deoxidised with aluminium were rarely 
observed in similar material deoxidised with ferro-silicon-zirconium. 
All of these findings merely confirmed those of Becket,! who 
claimed that oxidised zirconium formed with silica and manganese 
oxide a fusible slag which quickly rose to the surface. He supported 
his contention by analyses of ladle slags, and remarked on the fact 
that he was unable to observe any indication of inclusions due to 
zirconium throughout the course of his work. Zieler? had noted 
that the use of zirconium as a deoxidiser resulted in a reduction 
of the number of non-metallic impurities, while Feild* had com- 
mented on the greater freedom from oxidised impurities in 
zirconium-treated steels. 

The types of inclusions shown in Figs. 22 and 23 of the paper 
would not, it is thought, be regarded as being any improvement 
on those brought about by aluminium with regard to the attempted 
elimination of external splits in forged material. Consequently the 
writer would like to know if these inclusions were observed in over- 
oxidised steels or in steels of inferior quality. Further, the nature 
of these inclusions did not appear to be that of a type which would 
be readily eliminated. 

Again, the writer had been unable to observe any grain size 
difference in rolled material due to zirconium, in comparison with 
steel killed by other methods. He would ask the authors if they 


1 F. M. Becket, Transactions of the American Electrochemical’Society, 1923, 
vol. 43, p. 261. 

2 W. Zieler, Archiv fiir das Hisenhiittenwesen, 1931, vol. 5, p. 299. 

3 A. L. Feild, Transactions of the American Institute of Mining and Metal- 
lurgical Engineers, 1923, vol. 69, p. 848. 
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had observed such an effect, which must, of course, be of great 
interest in the light of the general belief that fine grain size was 
dependent to a great extent on the presence of sub-microscopic 
particles. 

The authors’ findings with regard to the effect of zirconium on 
sulphur were of extreme interest. In conclusion, the writer wished 
to express his admiration of all phases of this comprehensive work. 


Mr. 8. L. Hoyt and Mr. M. A. Scuem (Milwaukee, Wis., U.S.A.) 
wrote that they had read the paper with great interest. If it was 
not so before, it must now be clear that the study of inclusions in steel 
required a full complement of resources on the part of the scientific 
investigator who would accurately describe them. Their own 
approach to this problem has been technical rather than scientific, 
and they did not hesitate to state their conviction that a careful 
scientific analysis of the problem was necessary before full use could 
be made of the information that resided in these inclusions. They 
felt that the authors were to be complimented on the splendid work 
they had published, not only in this paper but in previous papers on 
the same subject. 

The requirements of technical practice could not always be met 
by an adequately developed science, and pending such a situation in 
the present field, the writers had been particularly interested in the 
use of the polarising microscope, to which the authors alluded. The 
writers had discussed their work in an earlier paper in which they 
attempted to point out certain advantages of that type of examina- 
tion.! They noted with interest what the authors stated about the 
difficulties encountered with etching tests, particularly for small and 
complex inclusions, and they held it highly desirable to accomplish 
as much as possible on the as-polished surface. That was one reason 
for advocating the use of polarised light. 

They noted, further, the authors’ remarks on anisotropic effects, 
which they considered to be timely, as were the remarks on the 
colours of the inclusions. They were very glad to get such 
information. 

Coming more specifically to the use of polarised light, the writers 
had found that it provided the most useful tool yet available for 
rapid, technical investigations. In their own work they had had 
early guidance from the results of the Reeve fractional oxygen 
determinations of weld metal and plain carbon steels. In this way 
a rapid and, the writers believed, a useful method was developed for 
technical practice, which distinguished opaque, translucent, and fully 
transparent inclusions and which, by means of colour effects and 
birefringence, was capable of supplying additional evidence. The 
authors pointed out certain effects which arose from the size and 


1 §. L. Hoyt and M. A. Scheil, ‘“‘ Use of Reflected Polarised Light in the 
Study of Inclusions in Metals,” Transactions of the American Institute of 
Mining and Metallurgical Engineers, 1935, vol. 116, p. 405. 
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shape of the inclusion and other external conditions. Whilst 
important, the writers felt that these did not detract from certain 
pertinent conclusions that could be drawn from the examination. 
For example, the very occurrence of such effects showed that the 
inclusion was transparent, which was important in technical practice. 
For such work the writers would welcome descriptions of the 
inclusions studied by the authors, as revealed by examinations in 
polarised light. In the meantime they would await with great 
interest further scientific studies in this fascinating field. 





AUTHORS’ REPLY. 


The Aurtuors offered their lively. thanks to Professor Kérber, 
Mr. Comstock, Dr. Wentrup, Mr. Lewis and Messrs. Hoyt and Scheil 
for their kind appreciation of the research, as well as for the important 
contributions made on certain points. 

The important and remarkable quantitative determinations 
made by Professor Kérber and his collaborators confirmed with 
exactitude the fact qualitatively observed by the authors that oxide 
inclusions morphologically characteristic of the addition of 
vanadium were, in general, rarely found in commercial vanadium 
steels but principally in laboratory casts containing low silicon 
contents. 

Dr. Wentrup was to be particularly thanked for his interesting 
contribution and his micrographs of inclusions in titanium steels ; 
the authors were very pleased to note the good agreement between 
Figs. I and J and Fig. 7 on the one hand and between Figs. F and G 
and Figs. 1 and 2 on the other. 

Regarding the nature of the oxidised compound formed by 
titanium, the authors had based their hypothesis solely on the 
physical characteristics of rutile and ilmenite compared; melting 
points for rutile higher than that of iron had, in fact, been indicated 
not only by Wartenberg and Prophet, but also by Délter ! (1980° C.), 
and O. Ruff and his colleagues? (1700°C.). The researches of 
Dr. Wentrup tended rather to suggest that rutile was present. It 
would seem that this question could be examined only by means of 
direct chemical analysis ; when ilmenite was present, the residue from 
the solution of the metal in a weak acid or in alcoholic iodine—a 
residue containing the oxides and nitrides—should show the presence 
of iron on analysis, whereas it would contain none if the oxide was 
rutile. The more or less orientated arrangement of the oxide globules 
visible in Figs. F and G could be interpreted either by a tendency 
of the oxide to separate in the liquid steel at a temperature very 
near to its own melting point, or equally as an orientation imposed 


1 Sttzungsberichte der Kaiserlichen Akademie der Wissenschaften in Wien, 
1910, vol. 119, p. 73. 
* Zeitschrift fir anorganische und allgemeine Chemie, 1913, vol. 82, p. 373. 
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on the liquid oxide by the crossing of the metallic crystals surrounding 
it. It would be interesting to make a primary etching of the 
metal at the same spots in order to compare the general direction 
of these collections of oxides with that of the dendritic axes of the 
alloy. 
Fig. H was very remarkable, because it showed once again the 
possibility of the local accumulation of titanium nitrides. Concerning 
its interpretation, it seemed rather curious that the titanium nitride 
inclusions, which were among the most dense and the smallest that 
were met with in steel, had been able to collect, in a laboratory melt 
of small volume, in such a large quantity near the surface of the 
metal by the simple effect of gravity. Further, so far as one could 
judge from the microphotograph, the most voluminous inclusions 
were towards the bottom, which was not in conformity with Stokes’ 
law. The authors had carried out a certain number of unpublished 
tests on the settling of inclusions, but had not been able to show, 
even in slowly cooled melts, such a marked settling of inclusions of 
alumina or of aluminium silicates, which were of the same order of 
size and definitely less dense than titanium nitride inclusions. 
While Dr. Wentrup’s hypothesis was plausible and corresponded 
very well with the facts, one could equally well, and with at least 
equal probability, propose the following hypothesis to explain this 
appearance: Owing to the very great affinity of the nitrogen of the 
air for titanium, this gas, in diffusing from the surface of the liquid 
metal towards the interior, was immediately fixed in situ in the form 
of nitride. This resulted in a local impoverishment of dissolved 
titanium and a diffusion towards the surface of the titanium content 
in the rest of the metal, with renewed formation of nitride, &c.— 
hence a relatively considerable accumulation of this constituent 
in the neighbourhood of the surface. 

Replying to Mr. Lewis’ question, the authors stated that they had 
not made systematic researches on the deoxidising power of zircon- 
ium, which, further, would have been outside the scope that they 
had envisaged. Moreover, such researches were very delicate, on 
account of the fact that it was possible practically to obtain zir- 
conium only in the state of ferro-silicon-zirconium or ferro-aluminium- 
zirconium, and in these cases it became difficult to distinguish 
between the action of the zirconium itself and that of the aluminium 
or silicon which accompanied it. Further, as had been shown in 
the present work, the oxides encountered in these cases possessed 
no morphological characteristics of their own, and it did not appear 
possible to distinguish them clearly from those due to the action of 
the aluminium and the silicon alone. In addition, Figs. 22 and 23 
related to over-oxidised steels. 

The sulphides assumed a somewhat more characteristic appear- 
ance, due to the presence of zirconium, only when this element was 
present in sufficient quantities in the steel—quantities which generally 
were greater than the very small amounts existing in industrial 
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steels that had received an addition of zirconium during the course 
of their preparation. In this latter case the appearance of the 
sulphides was a little different from that of manganese sulphides. 

On the other hand, in all the industrial.steels studied by the 
authors to which an addition of zirconium had been made, careful 
examination at a sufficiently high magnification had always revealed 
the presence of pale yellow zirconium nitrides, which would, very 
often, escape notice owing to their small size, their light colour, 
their great brightness and their smoothness when the magnification 
used was insufficient, and also on account of their comparative 
rarity. 

The ability to produce oxide inclusions in groups or clusters had 
not been observed in the case of zirconium, whereas this tendency 
was very obvious not only with aluminium but equally with titanium 
and vanadium (Figs. 1, 2 and 39), elements of which the influence on 
the grain size of steels was analogous to that of aluminium. 

It therefore did not seem a priori that from this point of view 
zirconium should have an appreciable influence on this property 
of steel, although systematic researches on this aspect had not been 
undertaken. 
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SOME EXPERIMENTS ON THE INFLUENCE 

OF SILICON, PHOSPHORUS, AND MAN- 

GANESE ON NITROGEN-HARDENING CAST 
IRON.! 


By J. E. HURST (Dartaston), 


(Rigs. 1 to 5 = Plates XX. and XXI.) 


SUMMARY. 


The paper gives the results of an investigation into the effect of 
the elements silicon, manganese, and phosphorus on the suscepti- 
bility to hardening of nitrogen-hardening cast iron. Within the 
ranges of composition examined the results show that silicon appears 
to have an influence on the total depth of penetration—the higher 
the silicon content, the lower being the total depth of penetration 
of the nitrogen-hardening effect. Variation in the silicon content 
does not appear to affect the magnitude of the surface hardness. 

In excess of 0-20%, phosphorus is accompanied by a reduction 
in surface hardness, but the total depth of penetration of the harden- 
ing effect is not altered. Manganese appears to be without influence 
on the total depth or upon the degree of surface hardness. 

The results appear to show also that the effect of chromium is in 
the direction of ensuring greater depth of penetration rather than 
affecting the magnitude of the surface hardness. 

Nitrogen-hardening at three temperatures—500°, 550°, and 
600° C.—in the case of the silicon series showed that the depth of 
penetration and the magnitude of the ‘‘ growth” increased with 
increasing hardening temperature. For this series the highest and 
most uniform hardness results were obtained with a hardening 
temperature of 550° C. 


THE experimental work described in this paper was undertaken 
with the object of ascertaining the effect of the elements silicon, 
phosphorus, and manganese, within certain percentage ranges, on 
the susceptibility to nitrogen-hardening of aluminium-chromium 
alloy cast irons of a type now known as Nitricastiron. 

Silicon.—For the study of the influence of silicon, six series of 
specimens in all were prepared. These were divided into two main 
series designated A and B respectively. The A series were charac- 
terised by their low total carbon content, and the mixtures were 
calculated to yield approximately 1-75% of total carbon. This series 
was divided into three sections, having chromium contents of 
approximately 1-75%, 2:25°%, and 2-75%, respectively, and constant 
aluminium contents. In each of the three sections the silicon con- 


1 Received February 18, 1937. 
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tents were varied in increments rising approximately from 2-00% 
to 5%. 

The B series were similarly constructed and differed essentially 
from the A series in that the total carbon contents of the metal 
mixtures were calculated to yield a higher value at approximately 
2-25%. 

mh alloys were prepared by melting a mixture of refined white 
iron, refined chromium-alloy pig iron, ferro-chromium, ferro-silicon, 
and steel scrap in coke-fired plumbago crucibles. The aluminium 
additions were made by means of pure notched-bar aluminium. 

The specimens used for test purposes were in the form of test 
rings machined from centrifugally-cast drums, and the testing 
procedure followed was more or less in accordance with that referred 
to in a previous paper by the author entitled “ Some Experiments 
on the Nitrogen-Hardening of Cast Iron.”! After casting, the 
castings were subjected to an annealing treatment in a gas-fired 
continuous annealing furnace. The duration of this treatment 
from the time the castings entered the furnace at room temperature 
until their discharge at a temperature less than 300° C. was 16 hr., 
the castings passing through a maximum temperature zone of 
950° C. in a period of approximately 2 hr. 

The test rings machined from the annealed castings were sub- 
mitted to the nitrogen-hardening treatment for a period of 90 hr. 
at temperatures of 500°, 550° and 600° C., respectively. A series 
of test rings was retained for the determination of the mechanical 
properties in the annealed condition prior to nitrogen-hardening. 
Hardness determinations were made, using the Firth hardometer 
with the diamond indenter, and the total depth of penetration of 
the hardening effect was measured under the microscope on polished 
and etched specimens. 

The results obtained are set out in Table I. In the chemical 
analyses, the manganese, sulphur, and phosphorus were not separ- 
ately estimated, and may be regarded as lying between the limits 
0-6-0-7% of manganese, 0-08°/, max. of sulphur, and 0-10% max. 
of phosphorus. 

An examination of the results assembled in the Table shows that 
at a nitrogen-hardening temperature of 500° C. the hardness value 
attained is somewhat low and irregular. At a temperature of 
550° C. a higher hardness value of a uniform character was obtained. 
The hardness after nitrogen-hardening at 600° C. is quite low and 
somewhat irregular, and at this temperature the hardness value 
does show some signs of falling off in the higher ranges of silicon 
content. At the temperatures of 550° and 500°C. there is no 
clear evidence of any variation in the degree wf hardness attained 
which could be linked up with the silicon content. 

It is also of general interest to observe that the increment in 
the chromium content within the ranges examined appears to be 

1 Journal of the Iron and Steel Institute, 1932, No. L., p. 223. 
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(a) Specimen A4. Silicon 1-92°,, chromium 1-90%, 
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(c) Specimen Al4, Silicon 4-989%, chromium 2-68%. 
Fic. 1.—Specimens Nitrogen-Hardened at 600° C, 
(Micrographs reduced to two-thirds linear in reproduction.) 
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Fic. 2.—Specimen A7, nitrogen-hardened at Fic. 3.—Specimen A7, nitrogen-hardened at 
600° C, Junction of case and core. Etched. 600° C, Crack at corner of case. Etched. 
x 600. x 80. 
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Fic. 4.--Specimen A7, annealed structure. Fic. 5.—Specimen A17, annealed structure. 
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(Micrographs reduced to two-thirds linear in reproduction.) * 
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without any very great influence on the degree of hardness attained 
at each of the nitrogen-hardening temperatures, and in a like manner 
there is no evidence that this degree of hardness is affected by the 
difference in total carbon content in the two series. 


TABLE I.—Silicon Series. Chemical Composition, Hardness, and 
Depth of Penetration. 

































































Chemical Analysis. Brinell Nitrogen-Hardened at— 
Hardness. 
mple oe 500° C. 550° C. 600°C. | 
No, | Total | Sili- | Chro- | Alumi- 
Carbon.| con, | mium,} nium.| 4g. n- 
%: % %- %- | Cast. |nealed.| Hard-|Depth.| Hard-|Depth.| Hard-|Depth. 
ness. | mm. | ness,| mm. | ness.| mm. | 
A3 1-61 2-11 | 1-76 0-85 557 340 894 | 0-10 | 1071 | 9-13 758 | 0-40 | 
Ab 1-69 2-44 1:68 0-75 568 351 894 | 0-10 | 1071 | 0-13 690 | 0-41 
AZ 1-72 3-15 1:70 0-77 587 364 959 | 0-07 |} 1031 | 0-13 782 | 0-42 
Alo 1-69 3-24 1-78 0-87 538 364 959 | 0-14 | 1071 | 0-09 690 | 0-40 | 
Ald 1-64 3-90 1:78 0-76 578 364 959 | 0-08 | 1071 | 0-10 690 | 0-33 | 
Al8 1:85 4-98 1-85 0-80 551 402 959 | 0-05 | 1031 | 0-07 549 | 0-26 | 
A4 1-67 1-92 1-90 0-64 551 375 835 | 0-10 | 1071 | 0-14 782 0-43 
A6 1-78 2-49 2-15 0-74 587 364 959 | O-13 | 1071 | 0-12 808 | 0-36 | 
A8 1:77 2-87 2°33 0-66 551 364 835 | 0-10 | 1071 | 0-1 782 | 0-40 | 
All 1-76 3-48 2-11 0-78 627 364 959 | 0-14 | 1071 | 0-12 782 | 0-34 | 
Al6 1-94 4:79 2-30 0-75 578 418 | 1203 | 0-12 | 1071 | 0-10 690 | 0-31 | 
Ag 1-72 2-91 2-71 0-77 587 364 959 | 0-12 | 1071 | 0-10 734 | 0°36 | 
Al2 1-75 3-38 2-61 0-85 587 364 835 | 0-14 | 1071 | 0-10 734 | 0-37 | 
Al3 1-85 4:07 2-87 0:80 606 418 835 | 0-08 | 1071 | 0-12 734 | 0-33 
Al7 1-78 4-42 2-45 0-83 488 887 | 1112 | 0-08 | 1071 | 0-09 670 | 0-3 
Al4 1-65 4-98 2-68 0-91 627 387 ee 1031 | 0-09 632 | 0-29 
B3 2-29 2-58 1-74 0-88 340 894 | 0-13 | 1112 0-11 690 | 0-37 | 
Bd 2-27 2-82 1-50 0-92 321 894 | 0-12 | 1112 | 0-14 782 | 0-40 
B10 2-18 3-48 1-67 0-66 832 959 | 0-11 | 1031 | 0-10 | 670 | 0-42 | 
B16 2-07 4-18 1:51 0-83 369 959 | 0-09 | 1071 | 0-09 680 | 0-36 
B2 2-35 1-83 2-16 0-92 340 | 1031 |} O-11 | 1071 | 0-12 835 | 0-41 
B6 2-18 2-68 2-12 0-89 364 894 | 0-12 | 1031 | 0-11 | 864 | 0-40 
B8 2-16 3-20 1-97 0-66 340 894 ; 0-10 | 1112 | 0-12 712 | 0-37 | 
B12 2-10 3-15 1-88 0-93 340 959 | 0-11 | 1071 | 0-13 690 | 0-36 
Bl4 2-10 4-14 1-81 0-82 375 959 | 0-06 | 1071 | 0-10 758 | 0-30 
Bi7 2-13 4:32 2-09 0-69 418 | 1031 | 0-06 | 1071 | 0-09 670 | 0-29 
BS 2-24 8-20 2-66 0-66 340 | 1112 | 0-12 | 1071 | 0-11 | 734 | 0-37 
Bi5 2-16 4:14 2-31 0-84 375 959 | O-11 | 1071 | 0-10 | 690 | 0-33 
Bis 2-13 5-26 2-47 0-81 402 959 | 0-05 | 1031 | 0-09 | 758 | 0-31 
| 




















In the case of the total depth of penetration of the hardening 
effect, the results indicate some irregularities. The greatest total 
depth of penetration was obtained, however, with a nitrogen- 
hardening temperature of 600° C., and at 550° C. the results reveal 
a slight tendency towards deeper total penetration than at 500° C. 
In spite of the irregularities the results show a distinct tendency 
towards a smaller total depth of penetration with increased silicon 
content at each nitriding temperature and for each composition. 
Within the range examined the chromium contents appear to have 
a slight influence on the total depth of penetration in that they tend 
to ensure a greater depth of penetration for a given silicon content. 
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The results for the two series fail to reveal any difference which 
could be ascribed to the difference in the total carbon contents. 
The total depth of penetration results have been recorded in Table I. 
in millimetres exactly as measured. 

The photomicrographs included in Fig. 1 illustrate the depth of 
penetration in the three specimens A4, A1l2, and A14, with silicon 
contents of 1-92°%, 3-38%, and 4:98%, respectively. It is of some 
interest to observe the extremely sharp line of demarcation between 
the case and the core in the specimens hardened at this temperature 
of 600°C. At a higher magnification this line of demarcation, 
whilst still sharply defined, is seen to be uniformly integral with 
the core of the material, and this is clearly illustrated in Fig. 2. 
At the edges of the specimens hardened at 600° C. the external sur- 
face of the case showed visible swelling and cracking. Fig. 3 is 
typical of the structure obtained at these edges or corners, and 
illustrates the pronounced nature of the crack. The sharply- 
defined boundary of the case and core enables the corner effect of 
the penetration of the hardness to be shown very clearly in this 
micrograph. 

The core structure of these specimens in the annealed condition 
is of interest also. Figs. 4 and 5 are typical of the two types of 
structures seen in these series; that of Fig. 4, specimen A7, con- 
taining 1-70% of chromium, and 3-15% of silicon, is pearlitic with 
carbides and nodular graphite. Specimen A17, containing 2-45% 
of chromium, and 4-45°% of silicon is illustrated in Fig. 5. A larger 
amount of graphite is shown dispersed in the ground-mass, which 
appears to consist of some areas having eutectoid characteristics 
and a ferritic structure. The bright white globules may be carbides, 
but they also resemble free silicides, and they strongly resemble 
the free silicide constituent as recognised in other silicon-rich 
alloys. Structures similar to that of A17 appeared in A18, A16, 
Al3, and Al4. 

The mechanical properties of the material in the annealed con- 
dition prior to hardening were determined on the annular-ring-form 
specimens by the methods described by the author in previous 
papers. These results are summarised in Table II. The uniform 
character of these is a useful guide as to the general soundness and 
homogeneity of these aluminium-bearing alloys. The modulus of 
elasticity (HN value) appears to be uniform in all specimens in the 
A series up to about 4:5% of silicon. Above this silicon content 
the modulus of elasticity drops quite pronouncedly. The increment 
in the chromium contents appears to be without influence on this 
property. In the B series with the higher total carbon content the 
values of this property are at a slightly lower level, but otherwise 
the same remarks apply. The magnitude of the modults of elasticity 
at 25-0 x 106 Ib. per sq. in. approximately is, of course, substantially 
higher than that of ordinary grey cast irons. 

The ultimate breaking strength values are extremely high, and 
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decline gradually with increasing silicon contents in the A series. 
The increase in carbon content in the B series is accompanied by a 
substantial drop in this ultimate breaking strength value, but the 
same decline with increase in silicon content is revealed. Within 
the ranges examined the chromium contents do not appear to 
affect substantially these strength results. 


TaBLE II.—Silicon Series. Mechanical Properties. 























| Modulus of Elasticity | Tensile Strength | 
| Specimen No. (EN Value). | (Ring Test). Permanent Set. %. 
| Lb. per sq. in. Tons per sq. in. 
x 108 | 
| = 25-8 | 45-8 1-62 
A5 26-0 43-0 1:85 
AT 25-3 30-3 1-83 
| Alo 25-4 | 36-2 1-85 
Ald 25-0 28-0 1-60 
| Als 24-0 | 22-5 2-51 
| A4 25-9 | 49-3 1:00 
A6 25:8 31-2 1-68 
A8 24-8 | 49-3 2-42 
All 24-7 32-9 3-27 
Al6 25:1 | 22-4 1-50 
AQ 25-4 | 49-9 1-61 
Al2 25-9 24-8 3-27 
Al3 25-0 34:3 1-66 
Al7 25-2 28-4 2-18 | 
Al4 22-6 18-9 3:17 
B3 22-5 29-7 2-50 | 
Bd 23-5 31-1 2-84 
B10 22:8 24-1 3-47 
| B16 22:7 27-7 3:47 
B2 24-5 29-6 2-85 
B6 23-9 26-4 2-42 
B8 24-0 36-6 3-12 
B12 22-9 | 34-7 2-77 
Bl4 24-7 28-0 2-64 
B17 24-7 23-2 3:35 
B9 24-5 | 35:1 2-75 
B15 24-0 31-7 1-9 
B18 25-0 26-2 | 2: 


The permanent set values in the A series are extremely low, and 
show the same tendency as the strength values, 7.e., to vary with the 
silicon contents, increasing with increasing silicon. The increase 
in silicon in the B series is also accompanied by quite a marked 
increase in the permanent set value. 

In the annealed condition there is evidence that the higher 





iif 
He 


260 P HURST: INFLUENCE OF SILICON, PHOSPHORUS, AND 


ranges of silicon content are accompanied by a sensible increase in 
the hardness value. This effect is apparent in both the A and B 
series (Table I.). 

Growth—It has been mentioned already that the specimens 
nitrided at 600° C. showed visible signs of substantial swelling at 


TaBLE III.—Silicon Series. Increment in Radial Thickness (Growth) 
at Various Nitrogen-Hardening Temperatures. 




















Nitrogen-Hardening Temperature. 
Specimen No. 
500° C. 550° C. 600° O. 
In, In. In. 

A3 0-0015 0-:0018 0-:0052 
A5 0-0016 0-002 0:0033 
AT 0-0023 0-0023 0:0037 
Alo 0-0016 0-0025 0-004 
Alb 0-0014 0-0022 0-004 
Al18s 0-0019 0-:0025 0-:0042 
A4 0-0014 0-0028 0-:0034 
A6 0-001 0-0029 0-0031 
A8 0-:0014 0-002 0-0038 
All 0:0018 0-0027 0-0035 
Al6 0-0013 0-003 0-:0043 
AQ 0-001 0-0022 0-004 
Al2 0:0012 0-002 0-0034 
Al3 0-0017 0-0024 0-:0065 
Al7 0-0016 0-0028 0-0065 
Al4 ere 0-0023 0-0052 
B5 0:0016 0-0018 0-:0041 
B10 0-:0019 0-:0016 0:0043 
B16 0-0017 0-0022 0-0051 
B6 0-:0017 0-:0026 0-0035 
B8 0:0019 0-0020 0:0035 
Bi2 0-0015 0-:0023 0-0040 
Bl4 0-:0014 0-0021 0-0035 
B17 0-0016 0-0024 0-:0043 
BY 0-:0014 0:0020 0-:0035 
B15 0-0015 0-:0020 0-003 
B18 0-:0015 0-0020 0-004 








the edges of the specimens. The ring-form specimens treated 
possessed a rectangular cross-section, and it was found possible to 
measure the radial thickness of the rings after nitriding and to 
compare the results with the same measurement on the rings before 
subjection to the nitrogen-hardening treatment. In all cases there 
was an increment, and the increments for each specimen at each 
nitriding temperature are assembled in Tabie III. This increment 
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in radial thickness is an index of the extent of the growth. It will 
be seen to increase with increasing nitriding temperature, although 
the increase at 550° C. is not nearly so great as that at 600°C. The 
silicon and chromium contents do not appear to have any direct 
effect on these growth values, but it is somewhat remarkable that 
in the high-silicon ranges, where the penetration depth has dimin- 


TaBLE IV.—Phosphorus Series. Chemical Composition. 




















: Total lo mbi - _ - - Jhrom- Alu- 
a Pal cry Graphite. Silicon. ak Fal -— a a 
. %- Yo od oF %- %- %:- %: | 
eg | 2°57 1-04 1-53 2-44 0-57 0-095 1-49 1-36 
P2 2-51 0-95 1-56 2-53 0-57 0-190 | 1-53 1-38 
P3 2-59 0-98 1-61 2-63 0-59 0-40 1-57 1-33 
P4 2:62 0-99 1-63 2-63 0-62 0-53 1-53 1-42 
P5 2-49 0-95 1-53 2-68 0-62 0-80 1-55 1-44 
P6 2-62 1-15 1-47 2°72 0-65 1-36 1-49 1-40 





























ished, the increment in radial thickness maintains a value equal to 
that for the lower silicon contents for each nitriding temperature. 
The increment in carbon in series B does not appear to be accom- 
panied by any increase in growth as measured in this manner. 
Phosphorus.—The specimens for the study of the influence of 
phosphorus were prepared by the addition of ferro-phosphorus to 


TasBLeE V.—Phosphorus Series. Mechanical Test Results. 
































Mota of Tensile andness, Nitrogen-Hardened 
Specimen | Elasticity Hing fest). a es at 600° 0. | 
No. | (BN Value). | C708 Sve) ee 
one oe a | As-Cast. | Annealed. | Hardness. |Depth. In, | 
x 108 | 
ri 22:3 23-4 3°9 341 291 | 835 0-010 
P2 23-2 23°2 31 321 291 | 959 0-009 
P3 22-0 25-6 4:8 341 291 614 0-010 
P4 22-8 25:8 3-4 341 | 3805 758 0-010 > 
Pd 21-0 21-7 3:6 341 | 305 650 0-012 
| P6 217 23-0 3-3 363 | 320 580 0-009 | 
| ae ee res a ee 








the standard aluminium-chromium alloy cast iron used for nitrogen- 
hardening. The chemical analyses of the specimens used are set 
out in Table IV., and the mechanical properties, hardness, and depth 
of penetration of the nitrided surface in Table V. 

The specimens used in these experiments were prepared in a 
manner exactly similar and from similar materials to those described 
in the author’s previous paper (loc. cit.), and they were subjected 
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to the same kind of annealing treatment as that described for the 
silicon series. The mechanical properties in this condition show a 
very slight falling off in the modulus of elasticity and tensile strength 
in the higher-phosphorus members of the series. The hardness is 
definitely higher in the specimen containing 1-36°, of phosphorus, 
both in the as-cast and the annealed conditions. 

The hardness and total depth of penetration values for these 
specimens after treatment for a period of 90 hr. under the standard 
nitrogen-hardening conditions at a temperature of 500°C. are 


TaBLE VI.—Manganese Series. Chemical Composition. 





























s | rics | 
Total Combined oc | oe Man- Phos- Chro- Alu- 
ee Cubes. casen, Graphite. Silicon. quan. shaeed. aie. so. | 
F %. %. eo fo %. %. %- %. 
io ee poe eee 0 
MO 2-57 1:04 1:53 | 2-44 | 0-57 | 0-095 | 1-49 1:36 | 
Mi 2-62 1-56 1:06 2-44 | 1:39 | 0-103 | 1-51 1:64 | 
M2 2-66 1:56 1-10 | 2:44 | 1-98 | 0-12 1-49 1-64 
M3 2-62 1-53 1-09 | 2-44 | 2-11 | 0-13 1-51 1-42 











given in Table V. These results indicate a marked reduction in 
hardness in the specimens containing phosphorus in excess of 
0-19%. The total depth of penetration of the hardness effect does 
not appear to be affected substantially. 

Manganese.—A short series of four specimens prepared exactly 
like the phosphorus specimens described previously was examined. 


TABLE VII.—Manganese Series. Mechanical Test Results. 








Nitrogen-Hardened 
° 





























Modulus of Tensile 
Soent Plasticity Strength | Permanent Hardness. at 500 
PXo | (EN Value). | (Ring Test).| Set. 
. Lb. per Tons per %. a ° age nen < | 
8q. In. 8q. in. As-Cast. | Annealed. | Hardness. | Depth. In, | 
x 10° | 
M0 22°3 23-4 3-4 341 | 291 835 0-010 
M1 25:0 25-9 4:3 341 320 890 0-010 
M2 24-6 24-7 2-2 341 335 808 0-010 | 
M3 24:5 22-8 2-9 363 335 835 0-009 | 








The increments in the manganese content were obtained by the 
addition of ferro-manganese to the molten metal in the oil-fired 
crucible furnace. The chemical analyses and the test results 
obtained are set out in Tables VI. and VII. 

The analyses show that a substantially higher combined carbon 
content is maintained in the annealed condition in the higher- 
manganese specimens. This is reflected in the higher hardness 
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values of these same specimens in the annealed condition. The 
three high-manganese specimens have a distinctly higher modulus 
of elasticity, and this does not appear to be affected by the variation 
in the manganese content from 1-39% to 2-11%. The tensile 
strength also is higher in the high-manganese specimens, although 
M3, with 2-11°%% of manganese, gave a low result. 

The hardness and total depth of penetration values after nitrogen- 
hardening for a period of 90 hr. under the standard conditions at 
a temperature of 500°C. are included in the Table. From the 
character of these results it is legitimate to conclude that, within 
the range examined, manganese is without effect on either the hard- 
ness or the total depth of penetration after this nitrogen-hardening 
treatment. 

Summary and General Remarks.—Within the ranges of chemical 
composition examined, the experimental results described show 
that a variation in the silicon content has no effect upon the degree 
of surface hardness obtained during nitrogen-hardening. The 
amount of silicon present does appear to have an influence upon the 
depth of penetration, the higher the silicon content, the lower 
being the depth of penetration. The experimental results demon- 
strate also that the effect of chromium is in the direction of ensuring 
greater depth of penetration, rather than affecting the degree of 
the surface hardness. 

In the case of phosphorus, the results show that with this 
element in excess of 0-20% a reduction in surface hardness is obtained, 
but the total depth of penetration of the hardening effect is not 
altered. Manganese appears to be without effect upon either the 
hardness or the total depth of penetration. 

Nitrogen-hardening at the three temperatures of 500°, 550°, and 
600° C. was examined in the case of the silicon series of specimens. 
It is of interest to note that the temperature of 550° C. was accom- 
panied by the highest and most uniform hardness results, and the 
depth of penetration increased with an increase in the hardening 
temperature. In a like manner the magnitude of the growth 
increased with increasing hardening temperature, and the somewhat 
remarkable result was obtained that this growth appears to be 
independent of the depth of penetration and also to be unaffected 
by the silicon and chromium contents. The growth at 600° C. was 
of a visibly substantial order, and was accompanied by swelling and 
cracking at the corners and edges of the specimens. The case 
obtained at this temperature was extremely brittle and friable, and 
it is possible that the low surface hardness values are in a large 
measure to be ascribed to this brittle and friable condition. 

The structural characteristics of the specimens examined have 
been recorded and are those obtained after submitting the specimens 
to a uniform annealing treatment. It is recognised that the struc- 
tural characteristics of cast iron suitable for nitrogen-hardening 
are of importance, but further investigation of the effect of other 
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heat treatments upon the structure and the nitrogen-hardening 
properties has not yet been completed. 


. The author is indebted to the Directors of the Sheepbridge 
Stokes Centrifugal Castings Co., Ltd., and Bradley & Foster, Ltd., 
for permission to publish these results, 
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CORRESPONDENCE. 


Mr. B. Jonzs (Cardiff) wrote that he would like to congratulate 
the author on the completion of these further experiments on the 
nitrogen-hardening of the chromium-aluminium cast irons, which 
were assuming great importance in industry. He noticed, however, 
that the surface hardness obtained in these irons was less than that 
found in nitrided chromium-aluminium steels, and he would like 
to know the load applied on the diamond indentor. Did the hardness 
figures given in Table I., &c., represent the hardness of the actual 
nitrided surface, or did they indicate the maximum hardness found 
under the surface? The greatest hardness values in nitrided 
Nitralloy steels were found under the surface at a distance which 
depended upon the temperature of nitriding, and it would be in- 
teresting to know if this also applied to nitrided cast iron. The 
depth of case reported in all irons was appreciably less than that 
found in nitrided chromium-aluminium steels, and this was due, 
presumably, to the marked restraining effect on the diffusion of 
atomic nitrogen induced by the higher carbon and silicon contents 
of the irons. 

The writer agreed with Mr. Hurst that a nitriding temperature 
of 550° C. gave more regular hardness values and a greater depth 
of hardness penetration, and he had found that this temperature was 
of special value when the amount of alloying elements was increased. 
He had also shown! that there was practically no decrease in hard- 
ness when a chromium-aluminium steel was nitrided at the higher 
temperature of 550° C., and considered that this was a satisfactory 
temperature for the nitriding of other than thin sections, where a 
greater depth of hardening was required in a shorter time than would 
be obtained at the lower nitriding temperature of 500°C. Satis- 
factory nitriding at 550°C., however, required an ammonia dis- 
sociation of less than 40% at the exit, and this in commercial practice 
necessitated a very rapid rate of gas flow through the container ; 
this was somewhat difficult on a commercial scale when a very large 
surface area was exposed to the nitriding gas. 

Did the author find, in a microscopical examination, the presence 
of the iron/iron-nitride eutectoid ‘‘ braunite ”’ after nitriding at a 
temperature of 600° C., a temperature which was not satisfactory 
for low-alloy steels, owing to the rapid formation of marginal 
oe which were usually associated with the eutectoid (Jones, 
oc. cit.). 

Had the author carried out any experiments with the object 
of reducing the time of nitriding, as it was considered that 90 hr. 
was very long, especially for low-alloy materials. Developments 
in the nitrogen case-hardening of steels had been on the lines of 
producing a certain depth of case in a shorter time by two-stage 

1 B. Jones, Iron and Steel Institute, Carnegie Scholarship Memoirs, 1934, 
vol. 23, p. 179. 
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nitriding, and experiments by the writer had confirmed that the 
depth of hardening could be increased appreciably in chromium- 
aluminium steels by nitriding at a low temperature in order to 
produce a fine dispersion of nitrides, followed by nitriding at a 
temperature not exceeding 600° C. to increase the depth of case. 
It would be interesting to know if this method of nitriding could 
also be applied to cast iron. In this instance, it might be possible 
to nitride first at a temperature of 550° C., followed by a tempera- 
ture between 550° and 600°C. in order to preserve the greatest 
hardening effect and to increase the depth. 

Since the author showed in the silicon series (Table I.) that 
a more uniform and greater hardening was obtained by nitriding 
at 550° C. than at 500° C., it was rather unfortunate that the former 
temperature was not adopted in the phosphorus and manganese 
series (Tables V. and VII.). The higher temperature might possibly 
have given better results, owing to the restraining effect of the 
phosphide eutectic and cementite. 

It might be mentioned that the report of the depth of hardness 
in millimetres in Table I. and in inches in Tables V. and VII. did not 
lend itself to ready interpretation. 





AUTHOR’S REPLY. 


The AvuTHor, in reply, wrote that he was particularly glad to 
have Mr. Jones’ correspondence on his paper, for the reason that he 
was one who had done considerable research and investigation work 
in that field himself. 

It was possible to answer quite a number of the questions raised 
by Mr. Jones in this correspondence. The hardness determinations 
were made with a Firth hardometer, using the diamond indentor 
with a 10-kg. load, and the hardness values reported indicated the 
maximum hardness found underneath the surface. It was true 
that the surface hardness obtained, and also the depth of penetration, 
were appreciably less than those found in nitrided chromium- 
aluminium steels. This confirmed the previous experimental 
results obtained by the author. 

The microscopical examination of nitrogen-hardened chromium- 
aluminium cast irons was definitely more difficult than that of 
Nitralloy steels, and for this reason it was not possible for the author 
to say whether the iron/iron-nitride eutectoid was present after 
nitriding at a temperature of 600° C. 

Like other investigators, the author had been interested in the 
reduction of the time of nitriding, and was familiar with the two- 
stage system outlined by Mr. Jones. He appreciated fully the 
suggestion made by Mr. Jones in this connection. It had to be borne 
in mind, however, that, in many applications of nitrogen-hardened 
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materials, their value depended upon their being able to maintain 
distortion at an absolute minimum. Considerations of this kind had 
prevented the author from using the higher temperature of 550° C., 
and would probably prove an objection to the use of the two- 
stage process suggested by Mr. Jones. 





e° Wry eye wwaoeueuey er Bw ~ 






( 269P ) 


ALLOYS OF IRON RESEARCH. 


PART XII.—_NOTE ON THE 6, TRANSFORMATION 
IN MANGANESE-RICH IRON-MANGANESE ALLOYS.* 


By MARIE L. V. GAYLER, D.Sc., anp C. WAINWRIGHT, M.Sc. 
(Nationat Puysicat LABORATORY). 


SumMMaRY. 


The present investigation was undertaken in order to explain 
discrepancies between the results of Ohman, of Walters and 
Wells and those previously published by the present authors. Two 
iron-manganese alloys containing 71 and 74% of manganese 
previously annealed at 573°C., and consisting of ay only, were 
heat-treated at successively higher temperatures, quenched, and 
then submitted to X-ray analysis. The results obtained were in 
agreement with those of Walters and Wells. On the other hand, 
X-ray analysis of the specimens annealed at 750° C., slowly cooled to 
and quenched from lower temperatures confirmed the present authors’ 
previous results. It is shown, therefore, that manganese-rich iron- 
manganese alloys consisting of the By phase may exist in a metastable 
state at temperatures below that at which the ay—f8y transformation 
takes place on heating, and that the upper limit is that found by Walters 
and Wells and the lower that obtained by the present authors. 

It is noted that a similar hysteresis loop occurs at the iron end 
of the iron-manganese diagram. 


THE investigation described in the present note is a continuation 
of the systematic research on the alloys of iron at the National 
Physical Laboratory under the auspices of the Alloys of Iron 
Research Committee.” This research is under the direction of 
Dr. C. H. Desch, F.R.S. 

As a result of the X-ray analysis of heat-treated iron-manganese 
alloys, Ohman ® found that the temperature of the @-« transform- 
ation, which takes place at 742° C. in pure manganese, was depressed 
by the addition of iron to the B> yr + a eutectoid temperature 
at 725° C. The present authors’ results“ based on microscopic 
and X-ray analysis differed somewhat from the above, the eutectoid 
temperature being found to be 600° C. About the same time, 
Walters and Wells ® published data on the iron-manganese system, 
and their results showed that this eutectoid transformation took 
place at about 700° C. 

Ishiwara, using impure manganese, found the transformation 
to take place at about 800° C. 


* Received December 2, 1936. 
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In discussing the authors’ previous paper, Ohman stated that 
from the results of supplementary X-ray investigations on material 
supplied by the authors, the $y —> «, transformation took place 
much more readily in cold-worked material. “‘ The transformation 
was thus much more easily inhibited in specimens containing larger 
grains than in such containing small grains.” In reply one of the 
authors wrote “ The discrepancies between this work and that of 
other investigators were probably due to the difficulty of obtaining 
true equilibrium in the alloys; hence, owing to the tendency for 
these manganese-rich alloys to remain in a state of metastable 
equilibrium, the changes taking place in the solid would be re- 
determined.” 


TABLE I. 





| X-Ray Analysis, 
Heat Treatment applied. | ' 


Temperatures in ° O. 


| 
71% Manganese Alloy. 


74% Manganese Alloy. 





Series A.—Both specimens 


a 


| a 
annealed 68 hr. at 573°, 
quenched in water at room 
temperature and then given 
the following heat treatments, 
followed by quenching in water : 
(1) 48 hr. at 625°. a a 
(2) 48 hr. at 676°. a a 
(3) 224 hr. at 695° then tem- | a + very faint | a + very faint 
perature rose in 1} hr. trace of f. trace of f. 
to 706°. 
(4) 48 hr. at 710°. 
(5) 48 hr. at 715°. 


a + about 30% B. | a 4+- about 30% 8. | 

a + B (more than | a + f (more than 
in 4). in 4). | 

(6) 48 hr. at 720°. B 





Series B.—Both specimens 
annealed 24 hr. at 745-750°, and 
then slowly cooled to the follow- 
ing temperatures and quenched 
after annealing at those tem- 
peratures : 

(1) Slowly cooled in 8 hr. to B B 
and annealed 24 hr. at 
690°. 

(2) Slowly cooled in 72 hr. to | B + very faint | B + very faint 
and annealed at 657° | trace of a. trace of a. 

for 10 hr. | 





= 


(3) Slowly cooled in 51 hr. to | Equal amounts of | Equal amounts of | 
and annealed at 635° | a -+ f approx. a + f approx. 
for 24 hr. © 

(4) Slowly cooled in 5l-hr. to | a + trace of f. a + trace of f. 
and annealed at 620° 
for 43 hr. | 
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TABLE II. 
| Heat Treatment applied. Temperatures in ° O, s8e atganene alloy 
% se y. 
| Series C. | 
| (1) 72 hr. at 713° ° ° ° ° . . B 
(2) 72 hr. at 581° a 


| 
| Series D. 
| (1) 72 hr. at 610°, temperature raised to 730° in | 








48 hr. and kept there 48 hr. : ‘ ‘ol B 
| (2) 72 hr. at 590°, temperature raised to 694° in | 


| 48 hr. and kept there 48 hr. ; ‘ 5 a +- little £. 


It has not, however, been possible to do more than a small amount 
of work on this problem, but the results are of sufficient interest 
to warrant publication. 

The present paper embodies the results of an X-ray examination 
of two manganese-rich iron-manganese alloys, which, after a pre- 
liminary treatment at either 575° C. or 750° C., to ensure that the 
material contained initially only the « or 8 phase, respectively, were 
annealed and quenched from temperatures within the range 600- 
720°C. An X-ray examination was then made on the final products. 
Specimens of the alloys which contained 71 and 74% of manganese, 
respectively, were sealed in argon in small pyrex glass or quartz 
containers and given the specific treatments shown in Table I. 

The heat treatments indicated in Table II. were carried out on 
an alloy containing 88% of manganese. 

In Series A, C and D, the temperatures of the «> $y trans- 
formation of the alloys are in agreement with the results of Walters 
and Wells; but if the alloys are slowly cooled from a temperature 
above this transformation temperature to one below, annealed 
there and quenched, as in Series B, then the 8y > cy transformation 
takes place at a much lower temperature and in accordance with the 
authors’ previous results, which were also confirmed by Ohman.‘ 
In Fig. 1 are plotted the positions of the phase boundaries according 
to the results of Ohman, of Walters and Wells and the present 
authors as indicated by the full and broken lines and crosses 
respectively. These results, together with the data now presented, 
show that alloys consisting of ®y may exist in a metastable state at 
temperatures below that at which the «,—> $y transformation 
takes place on heating, and that the lower limit of this metastable 
region is that previously found by the present authors and indicated 
by crosses in Fig. 1. 

It is of interest to note that a similar hysteresis loop occurs at 
the iron end of the iron-manganese diagram. 
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CORRESPONDENCE. 


Dr. Cyrm WeEtts (Pittsburgh, Pa., U.S.A.) wrote that it was 
gratifying to him to find that the results of the authors and those of 
Walters and Wells, where comparable, were in close agreement. 
The authors’ conclusions confirmed those previously presented by 
Walters and Wells in their paper and in their answer to the dis- 
cussion on it,1 namely, that in manganese-rich iron-manganese alloys 
the transformation of By, to «4, was very slow, so that the 8 phase 
might exist in a metastable state at temperatures below that at 
which the «—f transformation took place on heating. According to 
Dr. Gayler and Mr. Wainwright, the upper limit was that found by 
Walters and Wells, and the lower one was that found by them; 
however, the evidence so far given indicated that the upper limit 
was closer to the equilibrium temperature than the lower one. 
The lower limit was considerably influenced by the rate of cooling, 
being below room temperature at cooling rates of more than 10° C. 
per min. (when a 67-6% manganese alloy was used), and close to 
700° C. as the rate of cooling became infinitely slow. Of course, one 
might not be able to get the conditions necessary for the By, —> «yn 
reaction to occur close to 700° C. in alloys containing between 65 and 
75% of manganese; but, as was apparent from the data presented 
in this paper, the above reaction could be made to take place at a 
temperature considerably higher than would be possible if Dr. 
Gayler’s diagram were the true equilibrium iron-manganese diagram. 
For example, according to her diagram no «yp, should form from Syn 
in alloys containing 71-74% of manganese at temperatures higher 
than about 615° C.; actually it was formed at 657° C. (Fig. 1). 
Further, it was believed that after weeks of heating at temperatures 
higher than this, «., would still be formed from yp. 

It had been concluded that both high- and low-manganese alloys 
gave evidence of a similar hysteresis when heated and cooled through 
the transformations occurring in them. With reference to this it 
should be noted that the degree of undercooling which occurred in 
high-manganese alloys when cooled through the By, —> xy, trans- 
formation was considerably affected by the rate of cooling, whereas 
the degree of undercooling of the yz.—> ap. transformation in low- 
manganese alloys when similarly heat-treated was much less affected. 
That was true between wide limits of the rate of cooling, as was 
apparent from results previously published,? and from those given 
in this discussion. To emphasise this contention a few specific facts 


1 F, M. Walters and Cyril Wells, ‘‘ Alloys of Iron and Manganese. Part 
XIII.—The Constitution of the Binary Alloys of Iron &nd Manganese,” 
Transactions of the American Society for Metals, 1935, vol. 23, pp. 744, 748. 

2 ¥. M. Walters and M. Gensamer, ‘“ Alloys of Iron, Manganese and 
Carbon. Part IV.—A Dilatometric Study of Iron-Manganese Binary Alloys,” 
Transactions of the American Society for Steel Treating, 1932, vol. 19, p. 619. 
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would be noted. On the one hand, an alloy in the y state and 
containing 7% of manganese, when cooled at 10° C. per min., 
started to transform at 360° C.; when quenched the reaction still 
took place above room temperature ; and when heated at 400° C. for 
41 hr., a temperature still about 200° C. below that at which ap, 
began to transform to the y form when heated at 10°C. per min., no 
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Fig. A.—Dilatation-Temperature Curves of a 67-6% Manganese, 0-022% 
Carbon Iron-Manganese-Carbon Alloy previously heated at 600° C. for 
about 100 hr. to form ay, in it. Heating and cooling rates 3° C. per 
min., except in test C, where the rate of heating was 10° C, per min. up 
to 735°C. The curves show that the eutectoid reaction (ayn + y = Bun) 
occurs on heating (705-750° C.), but is suppressed to below 575° C. on 
cooling. 


transformation of the y to the « phase occurred. On the other hand, 
the transformation (yj, > %, in an alloy containing 67-6% of man- 
ganese was completely suppressed to below room temperature if the 
cooling rate was greater than 15° permin. By cooling to 650° C. and 
maintaining that temperature for 100 hr. the above reaction could be 
started. From this it was apparent that when the cooling rate was 
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Fia. B.—Dilatation-Temperature Curves of an Alloy (67:-6% Manganese) 
heat-treated in’ various{ways (see Table A). Rates of heating 10-15° C. 
per min., and of cooling from 10-15° per min. (curves 1, 3, 5 and 8) 
to 250° per min. (curve 6) and 5° C. per min, (curve 12). These curves 
show the effect of heating and cooling rates on the temperature of the 
transformations (asm = Bvn, Bun = 7, asta + Bam = y). 





IRON RESEARCH.—PART XII.—CORRESPONDENCE. 277 P 


decreased from 15° C. per min. to what was equivalent to an ex- 
tremely slow cooling rate, the degree of undercooling of the Pj, > ayn 
reaction was decreased at least 600° C., while the degree of under- 
cooling of the yr,—> «pe reaction under similar circumstances was 
decreased less than 40° C. 

The dilatation-temperature curves ! (Figs. Aand B) and the results 
given in Table A showed the effect of the heating and cooling 
rate (3-250° C. per min.) and of other heat treatments on the 
degree of superheating and undercooling of the transformations 
occurring at temperatures between about 25° and 1000° C. in an alloy 
containing 67-6% of manganese. An alloy of this composition was 
chosen because in the equilibrium state it contained a small quantity 
of eutectoid (a, +- y) below 700° C.; therefore, one might assume 
that, if at any temperature below 700° C. even a small amount of 
tyr Was formed from By,, then at that temperature, given sufficient 
time, the whole of the Sy, phase would disappear according to the 
reaction Bya > ¢yn + y. Further, this alloy contained so much 
more oy, than y below 700° C. under equilibrium conditions that 
the interpretation of the dilatation-temperature curves was com- 
paratively simple. According to the diagram of Walters and Wells 
this alloy, containing «y, -- y phases, should when heated react at 
700° C. to form Syn; at 710° C. the alloy should contain only Bysp ; 
at 740° C. the 6y,—> y transformation should begin; and finally at 
940° C. the alloy should consist entirely of y phase. It should be 
mentioned here that the dilatometric method of investigation was not 
used to determine the high-manganese portion of the iron-manganese 
diagram; therefore, the consistency or inconsistency of the dilato- 
metric results with those predicable from the diagram substantiated 
or invalidated the diagram of Walters and Wells determined by other 
methods. Before attempting to interpret the curves of Figs. A and 
B, one must know that the atomic volume of the phases increased as 
the change was from ay, to y to Syn. 

In order to shorten this discussion a detailed analysis of the 
results would not be given; however, it might be pointed out that 
from the information given one could easily compute the degree of 
superheating and undercooling obtained under the various con- 
ditions of heat treatment used, and whether or not certain trans- 
formations were or could be completely or partially suppressed. 
Further, one might note that the 8, > «ym transformation could be 
induced at 647° (undercooling still 50° C.) and the ay, —> Gyn trans- 
formation at between 698° and 709° C. (less than 10° superheating). 
If one assumed that the equilibrium eutectoid reaction occurred 
mid-way between these limits, 647° and 705°, it would be at 675° C. ; 
however, there was every reason to believe from the evidence pre- 
sented that the amount of superheating of the a, > By reaction was 

1 The dilatometric data, taken from the Metals Research Laboratory files, 
were obtained by Dr. Walters in 1933. The present writer accepts full 
responsibility for their interpretation, as given in this discussion. 
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GAYLER AND WAINWRIGHT : 


Taste A.—T'ransformations in a 67-6% Manganese, 0-022% 


Carbon, Fe-Mn-C Alloy. 


ALLOYS OF 


y/ 











Heating 
Curve | orCooling 
No. (see| _ Rate. 
Fig. B).| °O. per 
min.* 
1 15H 
& C 
2 15H 
i 3 10C 
4 15H 
5 10 C 
6 about 
250 C 
7 10H 
8 10C 
9 15H 
10 15C 
11 15 H 
| 
12 | 5C 
































Maxi- | Con- | Ti t deinaf, Temp. t| 
mum | stant | Constant | Primelpe! | ‘trans: | seemarks 
2 a 7. formation.t a 
620 No transforma- 
tion indicated 
748 | 735 75 |avyn—->fsn| 735 | Expansion 
748 30 | Bim > y 748 | Contraction 
748 Bun retained 
during cooling 
990 Bun-> y |825-950) Bun transforms 
to y 
990 y—> Bun 851—? | y transforms to 
Mn 
990 y retained 
845 y>B 748-790) Expansion 
845 Bum retained 
798 | 612 7 Bun-> ann | 612 | Contraction 
624 8 Bun —> aun| 624 | Contraction 
635 9 | Byn—->ann| 635 | Contraction 
647 13. | Ban—>ann| 647 | Contraction 
684 16 ms re No change 
698 10 
709 3 ayn —-> Bun 705-765 Expansion 
698 6 
798 Bun retained 
990 | 754 15 | Bun>y 
7172 9 Bun > Y 
785 10 | Bua>y 
798 12 | Bun>y 
811 10 | Bun > y Ld 
825 15 Bun bey 754-950) Contraction 
838 3 | Bun > y 
851 7 | Bua>y 
874 11 Bun > y 
888 8 | Bun>vy 
990 = ies y —> Bun 881—? | Expansion 
590 | 5280 | Buna} 590 | Contraction 
(88 hr.) | 





* H = heating, C = cooling. 
+ In the eutectoid reaction ayn + y = Bum the amount of y phase change is 
small compared with the ayn phase change. 
transformations are noted. 
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far less than that of undercooling in the reverse transformation. In 
one experiment the alloy (manganese 67-6%) containing ay, + y 
was heated for 40 hr. at 695° C. and quenched, but no evidence of a 
transformation could be found, and yet at a heating rate of 3° C. 
per min. the reaction ay, + y= Syn started between 705° and 
710° C. (superheating 5-10° C., i.e., 2 to 3 min. after the equilibrium 
temperature 700° C. was passed) (Fig. A, curves A and C). In the 
study of the reverse transformation plenty of evidence had already 
been presented to show that the amount of undercooling was 
considerable (100° C. or more) even at slow rates of cooling (3° C. 
per min. or less), and no further evidence need be presented. 

In conclusion one might note that by a rapid cooling rate, 250° C. 
or more per min. (Fig. B, curve 6), y could be completely retained at 
room temperature in a 67-6% manganese alloy (confirmed by X-ray 
studies); by cooling at 10-15° C. per min. 8y, could be similarly 
retained (also confirmed by X-ray studies), and that in order to 
transform Syn to x4, a Slow rate of cooling (much less than 10° C. per 
min.) was required. The dilatometric results presented were con- 
sistent with those predicable from the diagram of Walters and 
Wells. In view of the results published by Ohman in the discussion 
of Dr. Gayler’s diagram,! by the present authors, and also those 
published in the present discussion, it must be concluded that the 
phase boundary line of Dr. Gayler’s diagram separating the y from 
the y -+- « manganese field should be moved to the left, and the 
eutectoid temperature under equilibrium conditions should be 
accepted as being much closer to 700° C. (the temperature indicated 
by Walters and Wells’ diagram) than to 600° C. (that given by Dr. 
Gayler in her diagram). 

It was hoped that the authors would find time in the future to 
study this complicated iron-manganese system further in order to 
explain and eliminate the discrepancies that still remained. 





AUTHORS’ REPLY. 


In reply, the AuTHoRS thanked Dr. Wells for his remarks. They 
quite agreed that their results confirmed the conclusion, namely, 
that the ® phase might exist in a metastable state, presented by 
Drs. Walters and Wells in their paper and in their answer to the 
discussion on it,? but the present authors would point out that one 
of them had two years previously * drawn attention to the fact that 
metastability of the ®,, phase was probably responsible for the 
discrepancies between the results obtained by her and by Walters 
and Wells. 


1M. L. V. Gayler, ‘‘ Alloys of Iron Research. Part XI.—The Constitu- 
tion of the Alloys of Iron and Manganese.”’ Journal of the Iron and Steel 
Institute, 1933, No. IT., p. 344. 

2 Loc. cit. 

3 Journal of the Iron and Steel Institute, 1933, No. II., p. 293. 
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The difference in the degree of undercooling possible in the iron- 
rich and manganese-rich alloys as described by Dr. Wells was inter- 
esting. ‘The present authors had made no comparison between the 
degree of undercooling possible in these two groups of alloys 
respectively, but had merely drawn attention to the interesting fact, 
which they had proved, namely, that hysteresis occurred in the 
manganese-rich alloys as well as in iron-rich alloys. Their results 
also showed that the eutectoid temperature, under equilibrium 
conditions, approximated to 700° C. in accordance with the results 
of Walters and Wells. 
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AN INVESTIGATION OF THE IRON-CARBON 
CONSTITUTIONAL DIAGRAM. 


PART I.—PRELIMINARY SURVEY OF THE 3 REGION.! 


By FRANK ADCOCK, M.B.E., D.Sc. (Nattionan Prysican 
LABORATORY, TEDDINGTON). 


SuMMARY. 

A portion of the iron-carbon constitutional diagram, falling 
within the composition limits of 0-003 to 1-01% of carbon and an 
approximate temperature range of 1550-1300° C., is defined. This 
region of the diagram includes the 6 phase field and the duplex phase 
fields associated with the peritectic horizontal, which is found to 
intersect the liquid curve at a composition corresponding with 0-51% 
of carbon. The diagram is based on the results of thermal curves 
taken on twenty-four alloys prepared from high-purity materials, 
A valve-energised high-frequency furnace was used for the experi- 
ments, the alloys being prepared and maintained under high- 
vacuum conditions. It is expected that the diagram may be slightly 
modified as a result of a further investigation of the alloys by other 
exploratory methods. 


Tuts preliminary investigation was restricted to the high-temperature 
thermal analysis of twenty-four alloys with carbon contents ranging 
from 0-003 to 1:01%. It is intended to supplement this work by a 
further investigation at a later date, and the results presented in 
this paper are regarded as somewhat tentative. Although there 
are definite limitations associated with the method of thermal 
analysis, it appears unlikely that the shapes of the phase fields of 
the constitutional diagram, as determined by this means, will require 
serious modification in this instance. In view of the importance of 
this portion of the iron-carbon constitutional diagram and the time 
which must necessarily elapse before the results of the other explora- 
tory methods become available, it was thought desirable to publish 
the results in their present form. 

Apart from the early work of Carpenter and Keeling,’ high- 
temperature investigations of low-carbon alloys were conducted 
by Kuer and Klesper * and, at a later date, on materials of commercial 
quality, by Andrew and Binnie.t The results of the latter in- 
vestigators differ considerably, as is shown clearly by Epstein in his 


e 


book entitled ‘‘ Alloys of Iron and Carbon.” ® 


1 Received March 19, 1937. 

* Journal of the Iron and Steel Institute, 1904, No. I., p. 224. 

3 Ferrum, 1914, vol. 11, p. 257. 

4 Journal of the Iron and Steel Institute, 1929, No. I., p. 309. 

5 * Alloys of Iron and Carbon,” vol. I., ‘‘ Constitution.’” New York and 


London, 1936: McGraw-Hill Book Co., Inc. 
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The iron was prepared from ferrous chloride by a chemical pro- 
cess which has been already described in a paper’ presented to the 
Royal Society, and reference should be made to this publication for 
the results of exhaustive analyses made on a typical batch of the 
metal. It was not possible to repeat the full analysis of the iron 
actually used in this research, but analyses made for the more likely 
impurities gave the figures indicated in Table I. 


TaBLE I.—Analysis of Iron Used in Making up Alloys. 





Copper ; : . 0:0016% | Sulphur . . - 0:0027% 
Silicon : : - 0:0006% | Manganese . ; . Trace 
Nickel . : : . 0-0024% | Calcium : : . Trace 


Aluminium . : - 0-:0018% 





Carbon was added in the form of high-purity graphite as supplied 
by Messrs. Hilgers for spectroscopic purposes. According to a 
report of an analysis of this material the sum of oxides remaining 
after ignition, and inclusive of traces, amounted to about 0-024%. 


EXPERIMENTAL TECHNIQUE. 


Each alloy was prepared by melting iron in the presence of the 
required amount of carbon, in vacuo, by means of a valve-energised 
high-frequency furnace. After being maintained for a short time 
in the liquid state, the metal charge was allowed to cool by steadily 
diminishing the power input, the protected tip of the thermocouple 
being introduced just before solidification began. When the 
temperature had fallen about 200° C. below the liquidus, the charge 
was steadily reheated and the thermocouple withdrawn when fusion 
was complete. The power input to the furnace was then cut off 
and the charge allowed to cool to room temperature—still under 
vacuum conditions. Thermal curves were taken both with rising 
and with falling temperatures. Except for a number of modifications 
and refinements, the experimental arrangements were similar to 
those already described by the author.? Fig. 1 of the present paper 
shows diagrammatically a part of the furnace melting chamber and 
associated apparatus as adapted for the iron-carbon investigation. 

When preparing the low-carbon iron alloys it was found desirable 
to eliminate as far as possible all porous or powdered refractory 
material inside the furnace chamber, as these materials proved to be 
a source of a small amount of oxygen during vacuum fusion. Except 
for the crucibles, the refractories employed consisted mainly of 
discs of sintered alumina, coarse-grained powder of fused alumina 
and a thimble of fused silica. Alumina crucibles had already been 


1 Adcock and Bristow, Proceedings of the Royal Society, 1935-36, A., vol. 
153, p. 172. 
» Journal of the Iron and Steel Institute, 1931, No. II., p. 99. 
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successfully used for the preparation of pure iron melts, but were 
found to react with the carbon-bearing alloys. Thus, a trial melt 
made up to approximately 1° of carbon in an alumina crucible 
was found on analysis to contain 0-92% of aluminium and only 
0-28% of carbon. Finally, crucibles of thoria were employed, since 
no reaction took place between this material and the carbon-bearing 
melts within the temperature and composition ranges under 
investigation. The small gas-tight tubes used for protecting the 











K, Tube down which metal filings for inoculation 


A, Melt. 

B, Thoria crucible. are passed. 

C,. Heater sleeve (tungsten or carbon). L. Silica tube inside which a vacuum is main 
tained. 


D. B.R. alundum (coarse). 
E. Perforated lid of thoria. 
F. Discs of sintered alumina. 
G. Silica thimbles. 


M. Water-cooled, earthed screen protecting 
melt, &c., from electrostatic induction. 
N. Water-jacket (resistance glass). 


H. Magnesia refractories (not strongly heated). 0, Thick silica tube to withstand high electrical 
J. Sintered alumina tube enclosing tip of ressures, 
P. High-frequency furnace inductor coil. 


thermocouple. 
Fic. 1.—Diagrammatic Representation of Furnace Melting Chamber and 
Associated Apparatus. (Approximately quarter actual size.) 


tips of the thermocouples were made of “ Degussa ”’ sintered alumina 
and were coated with thoria externally to avoid any risk of reaction 
between the alumina and the melt. 

The provision of an electrically conducting heater sleeve around 
the crucible helped to secure uniformity of temperature in all parts 
of the melt. This condition, essential for accurate thermal analysis, 
could not have been readily achieved by direct inductive heating. 
At first a graphite cylinder was employed, but later this was replaced 
by a cylinder formed of several complete turns of tungsten wire 
gauze tightly bound with tungsten wire. The use of the latter 


t 
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cylinder permitted the making up of alloys to an exact composition 
without gain or loss of carbon. Slightly more accurate thermal 
curves would probably have been obtained with melts of larger 
diameter, but the quantity of high-purity iron available was not 
sufficient for this to be done. During all the experiments the 
furnace was continuously evacuated by means of a two-stage mercury 
vapour diffusion pump, connection being made by a tube | in. in 
dia. Experience had already shown that platinum/platinum- 
rhodium thermocouples enclosed in gas-tight sheaths of alumina 
could be used for a short time at temperatures up to 1600° C. 
without appreciable contamination. Thermocouples of this type 


TaBLE II.—Thermal Arrests in Iron and Alloy Specimens. 





Beginnings of Thermal Arrests in Micro-Volts 
Carbon generated by Thermocouple. 

Mark. | Content. Notes. 

%: 








Falling Temperature. Rising Tempestare. 
' ' a Se — 
High-Purity Irons. | 
Not es- | 17,860 | 15,750 | 15,750 | 17,750 | Traces of _ visible | 
2 | timated | 17,860 | 15,800 as aes | oxide under mi- | 
croscope. 








0-003 17,880 | 15,800 | 15,800 | 17,800 | (3)O,=0-0029%.* (3 
0-0044 | 17,880 | 15,775 | 15,800 | 17,800 & 4) free from 
visible oxide under 
microscope. 


wm oO 








Iron-Carbon Alloys. 


0-014 | 17,885 | 15,970)... ve | 
0-022 | 17,930 | 16,250 | 16,200 | 17,850 

0-029 | 17,965 | 16,350 | 16,170 | 17,750 O, = 0-0018% * 
0-059 | 17,860 | 16,800 | 16,350 | 17,650 

0-070 | 17,830 | 17,040 |... mi 
0-084 | 17,855 | 17,050 | 16,800 |... 
0-115 | 17,750 | 17,250 | 17,050 | 17,250 
0-13 | 17,735 | 17,190 |... oi 
0-15 | 17,700 | 17,195 | 17,300 





| 


~t 1 


RROVORENRUNTAPHHAWE 

















0-20 17,690 | 17,300 | 17,300 Ese 
0-24 17,580 ae 17,150 | 17,350 
0:26 17,550 | 17,300 | 17,100 | 17,350 
0-36 17,400 | 17,250 | 16,750 | 17,300 
0-42 17,400 | 17,250 | 16,650 | 17,250 Oz = 0:0006% * 
0-47 17,350 ate 16,600 ae 
0-50 17,370 =e 16,550 | 17,270 
0-52 17,300 ae 16,450 | 17,200 
0-65 17,150 bee 16,100 | 17,150 
0-77 17,100 4; 15,900 | 17,000 
i 1-01 16,870 oe 15,250 | 16,850T| | Approximately, 














* Vacuum fusion determinations made by Mr. C. A. Bristow, Metallurgy 
Department, National Physical Laboratory. 
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were accordingly employed, care being taken to check for con- 
tamination by the gold wire method after each experiment. 

The temperatures at which thermal arrests occurred in the iron 
and alloy specimens are shown in Table II., which also includes the 
results of carbon analyses made on the finished melts. Where a 
reversible transformation extended over an appreciable interval, 
the limits were ascertained chiefly by noting the temperature at 
which the transformation began both with a rising and a falling 
temperature. In most cases the temperature indication of the end 
of a transformation was disregarded, as it was not certain that 
equilibrium conditions were being maintained in alloys being heated 
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Fia. 2.—The Iron-Carbon Diagram. 


or cooled at rates up to 5° C. per min. Undercooling of the com- 
pletely liquid alloys was prevented by inoculating the melt with 
metal filings, but this method could not be used to eliminate a small 
amount of undercooling which was sometimes associated with the 
lower transformations. 


THE CONSTITUTIONAL DIAGRAM. 


Fig. 2 represents a portion of the iron-carbon constitutional 
diagram as deduced from the thermal arrests recorded in Table IT. 
The general disposition of the phase fields is similar to that 
postulated by previous authors, but the shape and extent of the 
fields have been modified—as will be seen from Table III., in which 
the main features are compared. 
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The 5 phase is not formed in alloys richer in carbon than that 
corresponding in the diagram with the point of intersection of the 
peritectic horizontal and the liquidus. This limit, which in the 
author’s diagram is placed at 0-51% of carbon, is of special interest, 
since the y phase separates directly from the liquid during the 
freezing of an alloy containing a higher amount of carbon. 

Owing to difficulties associated with the high-temperature 
calibration of the thermocouples, it has not been possible to determine 
accurately the temperature scale of the diagram. For this reason 
the vertical ordinate of the diagram is graduated in values for the 
electromotive force of the thermocouple instead of temperature. 


TasLE I1I.—A Comparison of the more Important Features of the 
Diagram as Determined by Different Authors. 


All values should be regarded as approximations, 








Authors : 


| Ruer and | Andrew and Present 
Klesper. Binnie. Author. 








| Carbon content at extreme limit of 5 field | 0-08% | 0-08% | 0:10% 
| Carbon content at peritectic point (ex- 
treme limit of 5 +- y field) . ; . | 0-17% 0:18% | 0-16% 


Carbon content at extreme limit of 5 + | 
liquid field ; ; ; , 

Temperature interval between melting | 
point of iron and peritectic horizontal . 

Temperature interval between melting 
point of iron and 6 — y transformation 
in iron . : : : 


040% | 0-71% | 051% 


128°C. | 134°C. | 150° C. 





| 
| 
42° C, 43° C. | 45° se 
| 


Although some doubt exists as to the absolute values of the 
temperature, temperature intervals in the diagram can be estimated 
within close limits, since the thermocouples were known to generate 
14-3 micro-volts for every rise of 1° C., in the neighbourhood of 
1500° C. Variations in the temperatures of the freezing arrests, 
greater than could be attributed to experimental error, were found 
among the alloys containing very low carbon (0-003-0-07%). In 
view of these discrepancies it was thought inadvisable to make use 
of an accepted figure for the freezing point of high-purity iron 
(carbon, 0-003°%) for calibrating the thermocouples. An_in- 
vestigation of this problem will be undertaken as soon as an 
opportunity occurs. 
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Analyses of the raw material and the finished melts were con- 
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assistance on the experimental side has rendered the investigation 
possible. 
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DISCUSSION. 


The Avuruor, in introducing his paper, said that further work 
had been done since the paper had been submitted to the Institute 
and that it was now possible to give the equilibrium diagram in 
the proper form as shown in Fig. A, In that figure temperatures 
were shown in degrees Centigrade and were not represented by 
values of electromotive force generated by a thermocouple. His 
purest specimens of iron were found to melt and freeze at 
1533 + 5° C., but he did not put this forward as a fresh determina- 
tion of the melting point. His figure was, however, in agreement 
(within the limits of experimental accuracy) with both that of 
Tritton and Hanson! and of Jenkins and Gayler.? In the high- 
purity irons the 8-y transformation occurred at 1388 + 5° C.—a 
temperature well below the previously accepted value of 1401- 
1403° C. In the original paper it was mentioned that variations 
in the apparent temperatures of the freezing arrests were found 
in the very low-carbon alloys (0-003-0-07% carbon). As a result 
of additional thermal curves conducted on high-purity irons and 
very low-carbon alloys, it had now been possible to locate the 
liquidus curves more accurately in this region of the diagram. 


Professor J. H. AnpREW (Sheffield) said that in Fig. A the 
author had contradicted some of the work in the published paper. 
Personally, he had been very disturbed to find, in the original 
results, that an addition of carbon to pure iron caused the melting 
point to rise, but the author now said that a redetermination of 
those particular alloys had given him quite different results. The 
point arose as to whether, if the author took any other alloy and 
did a redetermination, he would obtain different results again. In 
a diagram such as the iron-carbon, which was of fundamental 
importance, it was very necessary to be absolutely certain that 
one’s results represented the last word in accuracy, and Dr. Adcock 
would be doing a very good service to metallurgy if he would 
consistently make several determinations of all the freezing and 
other points of every alloy that he used. 

In Table II. he took it that the first column referred to the 
liquidus and the second to the peritectic change, but there were 
other changes; in some of the alloys there were at least three, and 
in one or two there were four changes. The author seemed to have 
missed those out, and there were also certain omissions where no 
change appeared to have been recorded, and these facts were a 
little disturbing, for one would wish to regard the work in question, 
emanating as it did from the National Physical Laboratory, as 
representing finality. 

He could never understand why people still persisted in using 


1 Journal of the Iron and Steel Institute, 1924, No. II., p. 85. 
2 Proceedings of the Royal Society, 1930, A. vol. 129, p. 91. 
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Fic, A.—The Iron-Carbon Diagram. 


the platinum-rhodium couple for high-temperature work. He 
thought Sir Harold Carpenter was to be sincerely congratulated 
on having used that couple twenty-three years ago and making 
an excellent investigation of the iron-carbon system as it was then, 
but the present author rather inferred that he had considerable 
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difficulty with his melts at the high temperatures. At Sheffield 
they had been using a tungsten-molybdenum couple for the last 
eleven years, and they found that they could obtain accurate results 
to within 1°, and that if they repeated any melting point determina- 
tion up to 1600° C. they could obtain almost identical readings every 
time; in other words, one could repeat one’s result and be certain 
of its accuracy. In spite of that, he thought that they were the 
only people consistently using that couple. It was a cheap couple 
to use. ‘They purchased 40 ft., and so long as they used that same 
length, though they did recalibrate from time to time, the differ- 
ence was practically negligible. He would therefore suggest to the 
author that it would be wise to try that tungsten-molybdenum 
couple. He would also suggest that before the author put forward 
his diagram as a final one he should make very certain that all 
his results could be repeated. 

One of course realised the difficulty of such determinations, 
and the author was to be thanked for an excellent piece of work. 
The trouble involved in the preparation of the pure iron must have 
been very considerable. Personally, he did not wish to be too 
critical in his attitude to the paper, but he had thought it necessary 
to draw the author’s attention to the fact that any published 
iron-carbon diagram should now be regarded as final. 


AUTHOR’S REPLY. 


The AuTHoR wrote that Dr. Andrew’s criticism demanded a 
fuller reply than was possible for him to make during the discussion. 
He thought it would be convenient to readers if he now made a fuller 
reply in writing and incorporated in it the purport of his (the 
author’s) observations made during the discussion. 

Professor Andrew’s opening remarks dealt with discrepancies 
which only slightly exceeded the estimated limit of experimental 
accuracy. ‘The author had already drawn attention to them in the 
original paper and had promised to investigate the matter further. 
This promise had been fulfilled and some further work had been 
done, but it had not been found necessary to make any serious 
modification in the shape of the constitutional diagram (compare 
Figs. 2 and A). There was, in fact, no justification for any delay 
in the publication of the preliminary survey of the system. 

Professor Andrew emphasised the need for accuracy in a manner 
which could only be interpreted as a reflection on the author’s work. 
This attitude was based on a false standard of accuracy. 

Professor Andrew inferred that results accurate to within 1° C. 
could be attained with tungsten-molybdenum thermocouples in the 
neighbourhood of 1600° C. This was manifestly absurd, since the 
temperature scale which was based on radiation measurements could 
only be realised to about + 2° C. in this temperature region. Judg- 
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ing from Professor Andrew’s technique as published,’ his absolute 
accuracy was much less than this. He calibrated his tungsten- 
molybdenum thermocouple against a platinum/platinum-rhodium 
thermocouple up to temperatures of 1200° C. ‘This involved the 
experimental error of calibration of the platinum /platinum-rhodium 
thermocouple (method not specified) plus a small error associated 
with the comparison of the two thermocouples. He then extrapol- 
ated the calibration curves for the tungsten-molybdenum thermo- 
couple from 1200° C. to 1600° C.—a process which was indefensible, 
since it assumed that the curve conformed strictly to a parabola. 
Finally, there were the errors involved when the thermocouple, so 
‘ calibrated,” was used to make temperature measurements. 

In contrast with this veritable chapter of errors, the present 
author had, in addition to other checks, calibrated his thermocouple 
from observations on the freezing and melting arrests of a palladium 
ingot under conditions practically identical with those under which 
the high-purity irons and iron-carbon alloys were investigated. The 
freezing point of palladium was accepted as a secondary standard 
on the international temperature scale (1555 +- 2° C.), and since 
the temperature interval between the freezing points of palladium 
and iron was only about 22° C., the freezing point of iron could be 
estimated with considerable accuracy. 

Professor Andrew said he could never understand why people 
still persisted in using the platinum/platinum-rhodium thermo- 
couple. The author appreciated the values of tungsten-molybdenum 
thermocouples for really high temperatures, but gave four good 
reasons why they were not employed by him for his investigation, 
which covered a temperature range of 1550—1300° C. approximately. 


(1) The thermo-electric power of a tungsten-molybdenum 
thermocouple was only about half that of a platinum /platinum- 
rhodium thermocouple at 1600° C., and was less than half at 
lower temperatures. 

(2) Tungsten-molybdenum thermocouples required ageing 
at high temperature before use, and this must be done in a 
controlled atmosphere. Platinum/platinum-rhodium thermo- 
couples were easily annealed electrically when suspended in 
air. 

(3) Some samples of tungsten wire become excessively 
brittle after high-temperature treatment—in spite of pre- 
cautions against contamination. 

(4) In contradistinction to the tungsten-molybdenum 
thermocouple, the platinum/platinum-rhodium combination 
was a well-established instrument of precise measurement at 
high temperatures. A reproducibility of +. 0-02° C. at 1550° C. 
had been claimed by reputable investigators.” 

Andrew and Binnie, Journal of the Iron and Steel Institute, 1929, No. T., 


p. 309. 
2 Fairchild, Hoover and Peters, Bureau of Standards Journal of Research, 


1929, vol. 2, pp. 931 (Research Paper No. 65). 
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Professor Andrew asserted that some of the alloys underwent 
three or four changes and that the author had missed some out. 
These statements were misleading. As explained in the text, 
Table II. of the paper indicated the beginnings of thermal arrests— 
i.e., temperatures (represented in microvolts) at which the cooling 
or heating rates were suddenly decreased. Reference to the 
constitutional diagram should convince Professor Andrew that not 
more than two such arrests would be expected on the cooling or 
heating curve of any alloy within the composition and temperature 
range under consideration. 

Professor Andrew considered that the author’s diagram should 
represent finality. The author did not aspire to this ideal, but claimed 
that his diagram was much more accurate than that propounded 
by Professor Andrew. The question of the accuracy of temperature 
measurements had already been dealt with. Apart from high- 
purity irons, the author gave data for seven different alloys contain- 
ing less than 0-13% of carbon (see Table II.). Professor Andrew’s 
diagram was unsupported by results for a single alloy in this range 
of composition, and the positions of the lines in this particular 
region of his diagram were largely a matter of conjecture. Further, 
the author’s thermal analyses were conducted in such a way that 
the alloys were retained in a high state of purity, and any variation 
of carbon content during the experiment was avoided. The re- 
quired conditions were attained in a high-frequency furnace with an 
evacuated melting chamber which contained the minimum quantity 
of refractories (highly fired) the crucibles being made of thoria— 
a material which did not react with the melts. The difficulties associ- 
ated with the making of accurate temperature measurements inside 
a furnace of this type were overcome by the author. 

In contrast with this procedure, Professor Andrew employed 
a resistance furnace containing a large amount of porous refractory 
material which necessarily evolved much absorbed gas at high 
temperature. His alloys were melted in carbon-bearing crucibles 
lined with alundum, and the operation was conducted in an atmo- 
sphere capable of rapidly removing carbon from the alloys at high 
temperature. Although actual temperature measurements were 
facilitated in a furnace of this kind, it was obviously impossible to 
control accurately either the gaseous impurities in the alloys or their 
carbon contents. 
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THE INFLUENCE OF THE MEAN STRESS 
OF THE CYCLE ON THE RESISTANCE OF 
METALS TO CORROSION-FATIGUE.! 


By H. J. GOUGH, M.B.E., D.Sc., M.I.Mecu.E., F.R.S., anp 
D. G. SOPWITH, B.Sc.Trcu., Wu.Scu., A.M.I.Mecu.E, 
(NaTIONAL PuysicaAL LABORATORY.) 


SUMMARY. 


Whilst much attention has been devoted to the resistance of 
materials to corrosion-fatigue under cycles of reversed stress, no work 
has hitherto been carried out on the equally important practical cases 
of repeated or fluctuating stresses. This paper describes the results 
of tests under these conditions made on six aircraft materials, the 
behaviour of which under reversed stresses has previously been 
reported. These comprised a cold-drawn 0-5% carbon steel, three 
stainless steels, duralumin and a magnesium alloy containing 2}%, 
of aluminium. These were tested in air, also in a spray of 3% salt 
solution, under cycles of repeated and of fluctuating stresses. 

The results show that, as in air, the fatigue resistance of a 
material in a corrosive environment is considerably influenced by the 
mean stress of the applied cycle. As in the case of reversed stresses, 
no corrosion-fatigue limit was indicated for any of the materials. If 
the range for any given endurance is plotted against the mean stress, 
the form of the curve obtained is in general similar to that obtained in 
air, using the fatigue limit in place of the endurance range. 


J.— INTRODUCTION. 


THE experiments to be described form part of a related series 
designed to afford information on certain general aspects of corrosion- 
fatigue which had hitherto escaped attention. To attain the dual 
objective of obtaining data of direct value in aircraft design as well 
as an understanding of the general characteristics of corrosion- 
fatigue, the materials chosen cover a range commonly used in air- 
craft construction. 

Much experimental attention has been devoted to corrosion- 
fatigue phenomena by many investigators in many parts of the 
world, but, with the exception of a few tests in which cycles of 
reversed torsional stresses were employed, reversed flexural stresses 
have almost entirely occupied attention. Further, the fatigue 
resistance in air is commonly used as the standard of comparison, 
although much evidence existed indicating that fatigue tests made 
in the atmosphere did not necessarily give the optimum resistance 


1 Received February 4, 1937. 
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to cyclic stresses.' A previous paper by the present authors ? 
described a series of experiments designed to examine the compara- 
tive influence of different stressing actions, reversed direct and 
reversed flexural stresses, on the resistance of metals to corrosion- 
fatigue; these experiments, in which salt sprays were used, re- 
presented the first comprehensive study of their kind using cycles of 
direct stress. 

To examine an aspect of more fundamental importance—the 
optimum environment for fatigue resistance—a lengthy series of 
comparative tests has been made in air and in a partial vacuum, 
employing cycles of reversed direct stresses. The results showed * 
definitely that the fatigue strength is, in general, improved by the 
substitution of a vacuum for air as the ambient condition, various 
metals being affected to different degrees. Much further work has 
been completed and is in progress on this aspect; in the present 
connection, it is sufficient to state that a vacuum probably affords 
the optimum environment and gives a value of fatigue resistance 
suitable for use as a basis of comparison for the resistance of a metal 
to corrosion-fatigue. 

Now, all the results previously mentioned refer to cycles of 
reversed stresses. In many cases in practice, however, components 
are exposed to cycles of stress of which the mean stress has a value 
other than zero. Many test data have previously been obtained 
concerning fatigue tests made in air and employing various values 
of the mean stress of the cycle; although no general law emerges, 
the fatigue resistance of most metals falls within certain wide limits 
and, considering cycles of direct stresses (tension and compression), 
can be approximately stated as follows : 

Let R =a safe range of stress, of which M is the average, or mean, 


stress. 
R, = safe range under reversed stresses (M = 0). 
T' = ultimate tensile strength. 


Then on the assumption that R has zero value when M is equal to 
7', the simplest (linear) relation * between R and M is 


M 
R=R, (1-7) (1) 
while the parabolic relation ® is expressed by 
, M? ; 
R= R, (1 — 7) (2) 


1 For full discussion of this point see Gough, “ Corrosion-Fatigue of 
Metals,’’ Journal of the Institute of Metals, 1932, No. 2, p. 17. 

2 Gough and Sopwith, ‘‘Some Comparative Corrosion-Fatigue Tests 
employing Two Types of Stressing Action,’ Journal ef the Iron and Steel 
Institute, 1933, No. I., p. 301. . 

% Gough and Sopwith, “‘ Atmospheric Action as a Factor in Fatigue of 
Metals,’’ Journal of the Institute of Metals, 1932, No. 2, p. 93. 

Gough and Sopwith, ‘‘ Further Experiments on Atmospheric Action in 
Fatigue,’ Journal of the Institute of Metals, 1935, No. 1, p. 55. 

4 Termed the ‘‘ modified Goodman” relation. Gough, “‘ Fatigue of 
Metals.”’ E. Benn, 1924. 5 Used by Gerber to examine Wohler’s results. 
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Available test data reveal that the linear relation gives a value of 
R which is “ safe ”’ in practically all cases, while the value given by 
the Gerber parabola is seldom exceeded. Many other materials 
give experimental values of R which lie between these two values ; 
in some cases, R varies with M in a fairly regular manner, in others 
no such regularity obtains. 

No information has hitherto been available regarding the 
dependence of R on M when fatigue tests are made in an environ- 
ment of a corrosive nature, and, as a commencement in the acquisition 
of knowledge of this important aspect of corrosion-fatigue, the 
present tests were carried out. 


JI].—ScorE OF THE INVESTIGATION. 


Six materials have been tested : 0-5°% carbon steel (cold-drawn 
streamline wire), three “ non-corroding ”’ steels of various composi- 
tions, duralumin, also a magnesium alloy containing 23% of 
aluminium. The fatigue resistance of each material has been 
determined both in air and when subjected to an air-borne salt 
spray, under two types of cycles of direct stresses: (a) repeated 
tensile stresses (varying from 0 to a maximum tensile stress), and 
(6) fluctuating tensile stresses having a fairly high mean stress 
value. The resistance of these materials to cycles of reversed direct 
stresses, both in air and in salt spray, have previously been deter- 
mined and recorded.} 


III.—Metuop or TEst. 


The tests were made in two Haigh electromagnetic fatigue-stress 
testing machines of 30 cwt. capacity, operating at a cyclic frequency 
of about 2200 cycles per min. The machines were fitted with special 
axial-loading devices. 

In the corrosion-fatigue tests an air-borne spray of a 3% solu- 
tion of common salt in distilled water was used. The injectors, 
spray chambers, form of specimens, &c., employed in the tests have 
been fully described and illustrated in a previous paper.! 

The usual form of endurance test was adopted throughout. 


IV.—PAaARTICULARS OF TEST MATERIALS. 


Particulars of the chemical composition, heat treatment, and 
results of static tensile and hardness tests are given in Tables I. 
and IT. 

As a result of the comparatively high values obtained for the 
fatigue range under mean stress in the case of the 17/1 Cr—Ni steel 
FAP, a number of tensile tests have been made. These showed that 
the value of 54-5 tons per sq. in. previously reported for this material 
was on the low side. Tensile tests on twelve specimens, 0-375 in. 


1 Gough and Sopwith, Journal of the Iron and Steel Institute, loc. cit. 
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in dia., gave results of from 56-4 to 59-3 tons per sq. in., the mean 
being the value included in Table II., viz., 58-0 tons per sq. in. It 
was found, however, that specimens of a diameter equal to that of 
the Haigh test-pieces (0-15 in.) gave higher results together with a 
greater variation. Thirteen such specimens ranged from 56-6 to 
64-4 tons per sq. in., with a mean of 60-9 tons per sq. in. This latter 
value has accordingly been adopted as a basis of comparison for the 
fatigue ranges. A corresponding variation in the hardness numbers 
was also found to exist. 

The tensile properties of the 15° chromium steel FAO have also 
been redetermined, but these show little difference from those 
previously reported. 


V.—RESULTS OF FatTicue TEstTs. 


The repeated-stress fatigue tests in air were carried out in the case 
of the steels on a basis of 10 million cycles, while the fluctuating-stress 
tests in air on steels and all the tests in air on duralumin and the 


TaBLE III.—Results of Fatigue Tests on 0-5°/, Carbon Steel. 


So See ee ~) 


























In Air. In Salt Spray. 
. . . : cle. endurance. 
Geeta, | tie Crte, | Mebeance. | soectam, | gSimm Ore, | Bademnoe. | 
Repeated Stresses. 
10G 0 to 40 3-61 10S 0 to 40 0-11 
10N 0 to 30 0-32 
10H 0 to 39 0-47 10P 0 to 20 0-98 
10F 0 to 15 2-31 
10K 0 to 36 3-02 13B 0 to 12 3-60 
10X 0 to 12 6:52 
10 0 to 35-5 12-61 * 10D 0 to 10 8-73 
107' 0 to 8 11-45 
10M 0 to 35 10-28 * 134 0 to 8 19-47 
10U 0 to 7 14-58 
10L 0 to 34 16-30 * 13C 0to7 16-77 
10V | 0to6 58:53 
10W | Otod 97-48 
Fluctuating Stresses. 

13E 36 + 16 0-15 13L 36 + 15 0-20 
13M 36 + 13 0-25 
13F 36 + 15 7:96 13N 36 + 12 0-29 
13P 36 + 10 0-75 
13D 36 + 14 9-25 13Q 364+ 8 1-36 
13R 36+ 6 3-32 

13H 36 + 14 13-55 13S 36+ 4 |° 800 | 
137' 364+ 3 20-32 
13J 36 + 13-5 22-48 13U 36+ 2 50-86 

130 36 + 12 11-69 * 

















* Specimens unbroken. 
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TABLE IV.—Results of Fatigue Tests on 15°, Chromium Steel. 





| Specimen. 


In Air. 


Stress Cycle. 
Tons per sq. in. 








Endurance. 
(Millions.) 


| 





In Salt Spray. 





Specimen. 





Stress Oycle. 
Tons per sq. in. 





Endurance. 
(Millions.) 
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50 
52 


v4 


49 H 





63 


65 


68 


62 
66 





0 to 36 
0 to 35-5 


0 to 35 
0 to 35 
0 to 34 


30 + 
30 + 13 
30 + 13 
30 + 12: 
30 + 12: 
30 + 12 
30 + 12 


vt 


>) 


i 


' 


Repeated Stresses. 


0-06 
0-36 
12-96 * 


10-16 * 
12-73 * 


Fluctuating Stresses. 


0-09 
0-01 
0-69 
0-06 
0-31 
20-97 * 





| 


20-63 * 





* Specimens unbroken. 


80 
73 
74 
75 
76 
78 





77 
79 





0 to 40 
0 to 40 
0 to 35 
0 to 30 
0 to 28 
0 to 26 
0 to 25 


30 + 12 
30 + 10 
30+ 9 
30+ 8 
30+ 7 
30 + 6:5 
30+ 6 
30 + 6 
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TABLE V.—Results of Fatigue Tests on 18/8 Chromium-Nickel Steel. 





In Air. 


be 








In Salt Spray. 























* Specimens unbroken. 

















eee Stress Oycle. | Endurance. ee ress Cycle. Enc nce, 
i ie Tons “a in. | (Millions.) os ii as Tons per . (Millions) 
i i 1 
Repeated Stresses. 
5G 0 to 39 0-14 5S 0 to 40 0:03 
5J 0 to 38-5 0-14 5T 0 to 35 2-62 
5C 0 to 38 0-15 5R 0 to 32 20-75 
5E 0 to 37-5 12-23 * 5K 0 to 30 2-08 
5D 0 to 37 11-78 * 5P 0 to 30 11-92 
5B 0 to 36 15-07 * 5N 0 to 30 50-51 * 
5F 0 to 35-5 12-32 * 5M 0 to 29 1-73 
5A 0 to 34 12-37 * 2MM 0 to 28 7-50 
BL 0 to 28 34-72 * 
Fluctuating Stresses. 
5CC 38 + 15 | 0-17 5PP 38 + 12 0-08 
5HE 38+14 | 0-24 5KK 38 + 10 5:07 
5FF 38 + 13-5 | 0-30 5Q 38+ 8 0-53 
5GG 38 + 13 0-25 5U 38+ 8 5-57 
5DD 38 + 13 20-85 * 5W 38+ 7 20-51 
5HH 38 4+- 12:5 | 20-09 * 5V 38+ 6 58-73 * 




















300 P GOUGH AND SOPWITH: INFLUENCE OF 


magnesium alloy were carried out on a basis of 20 million cycles. 
The whole of the corrosion-fatigue tests were made on a 50 million 
cycles basis except in the case of the magnesium alloy, for which 
the corrosion-fatigue resistance was extremely low. 

The results of the fatigue tests are given in Tables III. to VIII., 
and are plotted, to a logarithmic scale, in Figs. 1 to 6. The estimated 


TaBLE VI.—Results of Fatigue Tests on 17/1 Chromium-Nickel 
Steel. 






































In Air. | In Salt Spray. 
. \o 5 \. End ce. 
Specimen. sae arte ie. ‘(lions Specimen. naeete b. Millions.) 
Repeated Stresses. 
41 0 to 50 0-08 51 0 to 40 0-23 
52 0 to 36 2-27 
44 0 to 49-5 0-11 59 0 to 36 1-88 
53 0 to 33 8-60 
43 0 to 49 10-24 * 60 0 to 33 63-53 * 
61 0 to 33 52-78 * 
49 0 to 49 11-60 * 54 0 to 31 18-40 
47 0 to 47 11-98 * 55 0 to 29 24-90 
40 0 to 44 16-07 * 
Fluctuating Stresses. 
63 Tt 40 + 20 0-10 73 40 + 15 0-22 
64 40 + 18 0-30 74 40 + 13 0°33 
66 40 + 17°5 0-18 77 40 + 13 0-38 
68 40+ 17 0-36 78 40 + 12-5 0-42 
65 40+ 17 25-99 * 79 40 + 12 0-64 
69 40 + 16-5 0-17 75 40 + 12 50-89 * 
70 40 + 16 0-36 80 40 + 11 4-37 
63 Tt 40 + 16 21-06 * 76 40+ 11 54-80 * 
72 40 + 15-5 20-95 * 81 40 + 10-5 1-72 
71 40 + 15 20-99 * 82 40 + 10 1-33 
62 40 + 14 20-73 * 83 40+ 9 51-47 * 
84 40+ 9 59-19 * 








* Specimens unbroken. 
t+ Specimen tested at two different ranges of stress. 


values of the fatigue ranges in air and of the corrosion-fatigue 
endurance ranges at one, 10 and 50 million cycles are given in Table 
IX., in which are also included the values previously obtained 
under reversed stresses.1_ Referring to Table VII., owing to shortage 
of material, it was necessary to use some specimens which remained 
unbroken after reversed cycles of low ranges of direct stress; 
although this practice is not desirable, it is considered that this 
previous stressing did not affect the resistance of the material to the 
stress conditions reported in Table VII. 


1 Gough and Sopwith, Journal of the Iron and Steel Institute, loc. cit. 
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TaBLE VIT.—Results of Fatigue Tests on Duralumin. 


In Air. In Salt Spray. } 



































P St Oycle. End . Siciaad Stress Cycle. End e. 
Specimen. Tons per og (Millions. Specimen. as pur ag (Millions) 
i = 
vepeated Stresses. 
3W 0 to 16 0-82 3X 0 to 15 0-08 
3T 0 to 15 8-51 3Y 0 to 10 0-40 
3V 0 to 14-5 5-81 3Z Oto 8 0-55 
3U 0 to 14 20-32 * 3CC Oto 6 6-84 
3DD Oto 5 8-54 
4M Oto 4 114-32 * 
Fluctuating Stresses. 
4N 14+ 5 0-53 2N Tt 14+ 3:5 0-37 
4P 144 4 0-25 2P t 144 3 1-69 | 
2HAt| 14+ 4 6-63 4Q 14+ 3 4:13 | 
2D t 14+ 3:5 8-43 20 Tt 144 255 14-91 
2E tT 14+ 3-25 0-56 4R 14+ 2-25 12-11 
2J t 14+ 3-25 14-57 47 14+ 2 13-54 
24 t 144+ 3-25 20-83 * 2x T 14+ 2 | 65-74 
4S 14+ 1-75| 84:33 * 
: = } 





* Specimens unbroken. 
{ Specimens previously tested—see text. 


TaBLeE VIII.—Results of Fatigue Tests on Magnesium Alloy. 


In Air. In Salt Spray. 


Stress Cycle. | Endurance. 





Stress Oycle. Endurance. 

















Specimen. Tons per sq. in. (Millions.) Specimen. Tons per sq. in. (Millions.) 
( ' ‘ 

Repeated Stresses. 
22Q 0 to 10 0-15 3R 0 to 8 0-04 | 
2FF Oto 9-5 0-09 3P 0 to 4 3-14 | 
3N Oto 9:5 0-08 3Q 0 to 2 11-93 | 
2PP Oto 9 16-79 * 
2Z Oto 9 20-06 * | 

Fluctuating Stresses. 

3S 9+ 41 0-04 3FF 9 + 2-0 0-04 
3T 9+ 38 0-12 3GG 9+ 1-5 2-02 
3U 9+ 3-4 0-07 3LE 9+ 1-0 3-65 
3W 9+ 3-0 11-92 3HH 9 + 0-7 4-02 
3Y 9+ 2-6 6-79 3Jd 9 + 0-5 7-78 
3Z 9+ 2-3 32-31 * 
3V 9 2-2 26-79 * 

| 











* Specimens unbroken. 
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VI.—Discussion or REsutts or TESTS. 


(A) Fatigue Tests in Air.—The fatigue tests in air gave reason- 
ably uniform results, as can be seen from Figs. 1 to 6. In the case 
of the fluctuating-stress tests on the streamline wire steel HOY, 
fractures occurred after as many as 134 and 224 million cycles. 
Air. Salt Spray: 

o 


Repeated Stress Tests o 
Fluctuating » « @ a 


4 







Range of Stress. Tons per sg.in 


/0® 


Number of Cycles 
Fia. 1.—Fatigue Tests on 0-5% Carbon Steel. 


The fluctuating-stress tests on the other steels were therefore carried 
on to 20 million cycles; it would appear from the results, however, 
that this precaution was unnecessary, since in no case did a specimen 
of any of these three steels break at an endurance exceeding one 
million cycles. 

The fatigue ranges derived from these and the previous tests 
are plotted in Figs. 7 to 12, in which the abscisse represent the 
mean stress applied, M, and the ordinates the corresponding fatigue 
(or endurance) ranges, R. Two points on the curve are given by : 
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Fic. 2.—Fatigue Tests on 15% Chromium Steel. 
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Fia. 3.—Fatigue Tests on 18/8 Chromium-Nickel Steel. 
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Fic. 5.—Fatigue Tests on Duralumin. 
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(1) Mean stress = zero; fatigue range = twice fatigue 
limit for reversed stresses. 

(2) Mean stress = ultimate tensile stress; fatigue range = 
zero. 


‘ 


On this type of diagram the ‘“ modified ’’ Goodman relation 
gives a straight line joining these two points, whilst the ‘‘ Gerber 


Air. Salt Spra 
Repeated Stress Tests o . oud 
a oo 6 a 


Range of Stress. Tons per sq in 





y 108 


Number of Cycles 
Fic. 6.—Fatigue Tests on Magnesium Alloy. 


parabola ”’ gives a parabola passing through these points and having 
the R axis as axis. 

The open circles and full lines in Figs. 7 to 12 represent the 
results of the tests in air. With very few exceptionsy the experi- 
mental results, both for repeated and for fluctuating stresses, lie 
between the curves expressing these two relations; the fatigue 
ranges of the 17/1 Cr—Ni steel for repeated, and of the 15% chromium 
steel for fluctuating stresses, are about 2}% higher than those given 
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by the Gerber parabola, whilst that for duralumin under fluctuating 
stresses is about 22% lower than that given by the modified Goodman 
line.? 

The results of the fatigue tests in air are thus in general agree- 
ment with previous experience, as mentioned earlier in the paper. 




















es, 
o InAir j 

& a /n Salt Spray 1 ockes -| 
¢ BSB. « ° a } 
& ee ae } 

g } 
wv, i 
he | 
38 ae in” | 
Ge ties “ | 
se 5 ieee 

~ 

s <j Pectin 
& r > he ee ~~ 


























oO 10 20 30 40 50 60 70 
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Fie. 7.—0-5% Carbon Steel. 


These diagrams (Figs. 7 to 12) have been plotted in the usual 
way with co-ordinates representing the stresses referred to the original 
area. It appeared of interest to the authors to re-plot these curves, 
using co-ordinates representing actual stress. This presented no 
difficulty in the case of the three points representing the fatigue 
ranges under reversed, repeated and fluctuating stresses, since the 
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Fia. 8.— 15% Chromium Steel. 


diameter of the unbroken specimens could be measured after test 
and the necessary corrections made to the stresses. Rather sur- 
prisingly, the only case in which any large decrease in diameter 
occurred was the non-corroding steel HWZ (18/8 Cr—Ni) tested at 


1 This material is, however, very variable, 




















308 P GOUGH AND SOPWITH: INFLUENCE OF 


high mean stress, in which case the actual fatigue range as corrected 
was 43 -+ 14-5 tons per sq. in. 

The point representing the actual breaking stress under static 
tension was determined, using an autographic load-elongation 
recorder. The actual breaking load obtained in this manner was 
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Fic. 9.—18/8 Chromium-Nickel Steel. 


divided by the measured area at fracture to give the actual breaking 
stress. 

The results, corrected in this manner, are given in Table X. and 
plotted in Figs. 13 to 18. For the steels it will be seen that the results 
can be represented by straight lines without much error, the agree- 
ment being particularly good in the cases of the carbon steel and the 
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Fic. 10.—17/1 Chromium-Nickel Steel. 


15% chromium steel. The non-ferrous materials, however, show a 
wide departure from the straight line at high mean stresses (Figs. 
17 and 18). 

(B) Fatigue Tests in Salt Spray.—tit is convenient to discuss the 
results of the corrosion-fatigue tests in two groups, viz., (i) the more 
corrodible materials, carbon steel, duralumin and magnesium alloy, 
and (ii) the less corrodible materials, the three stainless steels. 


a 
fay) 
© 
oD 


FOI 


G86 
G-7G 
€-99 
€-EF 
oE9 








a 
ay 


a 


~ 


ng 
HHHHH +4 
coono 


CO mt OD et Ht 
CD OO SH SH et 


G10 CO rt 


Nowra 


ied 


© 


a 
o 
-H 
© 


CD VON ID OD 


HHHHH + 
Coono~ 
CD OD OD <H rt 
HHH 
DOQMD 


AANA 


aXa 
VXa 


| 
| 
| 
| 





| 


*[BUTUIO NT 





‘ut ‘bs zed suoy, 
“SS81}S 978TTFT 


*sessorgg Sunenjony,7 





“SIV “Jou | 





MEAN STRESS OF CYCLE ON CORROSION-FATIGUE,. 


*BOIB [VUISIIO 0} POLIOJOI SSO1ZG = SSe14G ,, [BUTUION ,, 


"S8a.ug JONPP 0} pasafay up ur sysaz, fo synsay— X AIAVI, 


19038 IN-JO 1/LT | 
[9998 IN-JI9D 8/8T 
joo}S wmntu0Iyo %ey 


[9038 uogies %eq-9 





310 P GOUGH AND SOPWITH: INFLUENCE OF 


(i) The results for the more easily corrodible materials show a 
a | high degree of regularity. In each case the log S/log N curves are the 
ft either straight lines throughout or become so at about one million 
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i reversals. This is in agreement with the previous results under Ki 
reversed stresses,! the type of curve for any one material remaining 7 
the same, viz. : an 
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(1) Streamline wire steel—uniform slope. s 
(2) Duralumin—decreasing curvature, merging into uniform slope at 
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Fic. 12.—Magnesium Alloy. 


In the case of the streamline wire steel and the magnesium alloy, 
the behaviours in air and in salt spray as regards variation in mean 
stress are broadly similar—see Figs. 7 and 12, where the shapes of 
the curves of fatigue range in air and of endurance range in salt 
spray against mean stress are very similar. 

1 Gough and Sopwith, Journal of the Iron and Steel Institute, loc. cit. 
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(ii) In the case of the non-corroding steels, interpretation of 


the results is rendered difficult by the large amount of scatter 
occurring in some of the tests. Taking the mean curves shown in 
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Fia. 13.—0-:5% Carbon Steel. Fia. 14.—15% Chromium Steel. 
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Figs. 2 to 4 and the derived endurance ranges as given in Table IX. 
and Figs. 8 to 10, conclusions somewhat similar to those for the 
more corrodible materials may be drawn, but with less certainty. 
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Thus the log S/log N curves are in general similar to those under 
reversed stresses : 


(1) 18/8 Cr—Ni steel—uniform slope. 

(2) 15% chromium steel—decreasing curvature, merging into uniform 
slope at 1—4 million cycles. 

(3) 17/1 Cr—Ni_ steel—decreasing curvature, merging into uniform 
slope at about 2 million cycles (except that in the case of repeated stresses 
there is some evidence of increasing curvature, becoming uniform at 
about 2 million cycles). Figs. 9 and 10 show that in the case of the 18/8 
and 17/1 Cr—Ni steels the behaviour as regards variation of mean stress 
is again similar in air and salt spray. 
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Two of the steels—the 0-5% carbon and the 15% chromium— 
appear to have a somewhat higher corrosion-fatigue resistance under 
repeated than under reversed stresses. This is extremely difficult 
to account for. The difference is only slight, and is possibly due to 


variations in corrosion-resistance from bar to bar. , 
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Fia. 17.—Duralumin. Fia. 18.—Magnesium Alloy. 

The fractures obtained in the corrosion-fatigue tests presented 
no special features, being of the usual serrated type in the more 
easily corroded materials, and practically the same as in air in the 
non-corroding steels. 


VIT.—GENERAL CONCLUSIONS. 


The two main conclusions to be drawn from the results of these 
tests are that : 


(1) No evidence is shown of a corrosion-fatigue limit for any 
of the materials, the log S/log N curve becoming straight for each 
material investigated after a certain number of reversals, usually 
not exceeding about 2 million; the general form of the curve 
for any material is unaltered by varying the mean stress. 

(2) In most cases, the effect of variation of the mean stress on 
the endurance range in salt spray is similar to that on the fatigue 
range in air. 


Some quantitative evidence as to the validity of these conclusions 
is given in Tables XI. and XII. Table XI. indicates the types of 
log S/log N curves given by the six materials undey different 
conditions, and also the slopes of the straight portions. Table XII. 
shows the ratios of the fatigue or endurance ranges in fluctuating 
and reversed stresses, for both air and spray tests (repeated-stress 
results are omitted, since these are at different mean stresses in air 
and in salt spray). 


_ 





et et et pe BO | 





i ee 





fir 


re 
of 
fo. 


eq 


Go 








MEAN STRESS OF CYCLE ON CORROSION-FATIGUE. 313 P 


TaBLeE XI.—Comparison of Log 8/Log N Curves for Different 
Mean Stresses. 



































Reversed Stresses. | Repeated Stresses. . fi | 
Ref. | 
Material. Mark. | 
Type of | Stress | Type of | Stress | Type of | Stress | 
Ourve.* | Ratio.f | Curve.* | Ratio.f | Ourve.* | Ratio.t | 
0-5% carbon steel - EOY U 0-42 U 0-44 U 0-50 | 
15% chromium steel . FAO DU2 0-85 DUI 0-94 DvU4 0-83 | 
18/8 Cr-Ni steel . | EWZ U 0-81 U 0-90 ra, 0-80 } 
17/1 Or-Ni steel e FAP DU3 0-87 IU2 0-84 DU2 0-90 
Duralumin . 4 EXA DU1 0-67 DUI 0-73 U 0-74 | 
Magnesium alloy (24% 
Al) . ° - | EXB IU3 0-25 IvU3 0-29 IvU2 O13 | 
*uU = uniform slope. 


DUn = decreasing js P ae 
+ “elke r ra i ir F 2 e sles. 
IUn = increasing § °2"Y ature merging into uniform slope after n million cycles 


+ For tenfold increase in endurance, ¢.g., 10* to 10’ cycles (for straight portion of log S/log V 
curve), 


TasLe XII.—Ratios of Fatigue or Endurance Ranges under 
Reversed and Fluctuating Stresses. 


| Ratio of Ranges (Fiuctuating Firesses), | 





Ref. 





Material. ‘Mark. wut Endurance Ranges in Salt Spray. | 
Ranges ea 
in Air, : ets At 5 x 10? 
At 10% Cycles, | At 10? Cycles. Oycles. 








0-5% carbon steel | HOY 0:63 | 0-78 (0-81)*} 0-82 (0-78)*| 0-86 (0-76)* 
15% chromium 




















steel , . | FAO 0-56 0-70 0-57 (0-53)*| 0-56 (0-52)* 
18/8 Cr—Ni steel EWZ 0-51 0-44 0-44 0-43 
17/1 Cr-Ni steel FAP 0-56 0-53 0-57 0-59 
Duralumin . | EXA 0-39 0-62 0-70 0-75 
Magnesium alloy | | 
! 


(24% Al). | EXB | 0-45 | 058 0-40 
* Figures in brackets derived from smoothed curves in Figs. 7 and 8. 
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THE EFFECT OF PROTECTIVE COATINGS 
ON THE CORROSION-FATIGUE RESIST- 
ANCE OF STEEL.* 


By D. G. SOPWITH, B.Sc. Trecu., Wu.Scu., A.M.I.MrEcH.E., AND 
H. J. GOUGH, M.B.E., D.Sc., M.I.Mecu.E., F.R.S. 
(NATIONAL PuysicaAL LABORATORY.) 


SuMMARY. 

This paper describes the results of tests made to ascertain the 
suitability of various protective coatings when applied to streamline 
wire steel subjected to alternating stress in a spray of salt water. 

The fatigue resistances, under reversed bending stresses in air 
and in salt spray, of streamline wire steel have been determined, 
using the material in both the as-drawn and normalised conditions 
uncoated and with the following types of coating : 

(1) Zine, applied by (a) galvanising, (6) sherardising, 

(c) electrodeposition. 

(2) Electrodeposited Cadmium, (a) alone and with supple- 
mentary coatings of (b) enamel and of (c) boiled linseed oil. 

(3) Sprayed Aluminium (a) with enamel and (6) without 
enamel, 

(4) Phosphates plus enamel. 

(5) Enamel only. 

A very satisfactory degree of protection was afforded by gal- 
vanising, sherardising and sprayed aluminium plus enamel. Zinc- 
or cadmium-plating and sprayed aluminium alone gave a fair degree 
of protection. Phosphate treatment plus enamel and enamel alone 
gave considerably better results than the uncoated material, but 
were not nearly so good as the metallic coatings. Enamel was a 
useful addition to sprayed aluminium, but both enamel and oil 
reduced the degree of protection afforded by cadmium-plating. 


I.—INTRODUCTION. 


THE present paper describes the results of an investigation of 
the protective effect of various types of coating on the resistance 
of 0:-5% carbon cold-drawn steel, as used for streamline wires of 
aircraft, when subjected to alternating stresses in the presence 
of a spray of salt water. The investigation forms part of the 
joint programme of research on corrosion-fatigue which has been 
in progress during the last few years at the National Physical 
Laboratory and the Royal Aircraft Establishment (R.A.E.), 
Farnborough. 
The essential requirements for a protective coating for such 

conditions are : 

(1) The coating must be adherent. 

(2) Either it must be anodic to the steel base, or it must 

* Received February 4, 1937. 
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be completely continuous and non-porous. Since in practice 
the latter conditions are difficult to secure and to maintain, 
it is preferable that the coating should be anodic and so con- 
tinue to afford protection even when its continuity is broken. 

(3) Its mechanical properties must not be such as to cause 
a serious drop in the fatigue resistance in air, or if not suffi- 
ciently adherent to be able to transmit cracks to the steel, 
it must not crack at too low a stress and so render the protection 
purely anodic at an early stage. 


Whilst a considerable amount of information exists as to points 
(1) and (2) above—the adherence of coatings on steel and their 
electrolytic behaviour towards steel—comparatively little is available 
as to the effect of coatings on the fatigue resistance in air. A 
summary of this information, together with some data as to the 
direct effect under corrosion-fatigue conditions, is given in Table I. 

Barklie and Davies showed that in low-carbon steels electro- 
deposited nickel produced a drop in the fatigue limit in air which 
increased with the thickness, a coating 0-0035 in. thick producing a 
decrease of 47%. When special precautions were taken to deposit 
the nickel in a stress-free state, the decrease was reduced to about 
10%. A lead coating did not affect the fatigue resistance, whilst a 
zine coating gave some evidence of a slight increase. Copper 
produced a decrease of the fatigue limit of 16%.* 

Harvey **® found that in the case of a 0-47% carbon steel, 
tested in carbonate water, the fatigue limit after zinc-plating 
without preliminary pickling showed no decrease as compared with 
that of the uncoated material in air, commercial zinc-plating 
showing a decrease of 19% and galvanising and sherardising a de- 
crease of 28%. He gives as a reason for the superiority of zinc- 
plating, as compared with galvanising or sherardising, the absence 
of a brittle intermetallic compound which may crack before the 
surface is affected. It is unfortunate that this conjecture was not 
checked by carrying out fatigue tests in air on the galvanised material. 
Commercial cadmium-plating tested in carbonate water gave a 
decrease of 24°% as compared with uncoated material in air; anneal- 
ing to remove hydrogen produced no alteration, whilst the omission 
of pickling before plating produced a larger decrease, viz., 31%. 

The experiments of Swanger and France“ showed that zinc- 
plating gave an increase in the fatigue limit in air of up to 11%, 
whilst galvanising gave a decrease of 4 to 42% (increasing with 
increasing hardness) under rotating bending, and from 2 to 35% 
under direct stress. There are two rather anomalous results, in 
which the decrease under direct stress greatly exceeds that under 
bending stresses, viz., 0-45% carbon steel hardened and tempered 


_ _* As normally deposited, lead and copper are stress-free, nickel has an 
internal tensile stress of 12 to 18 tons per sq. in., whilst zine has a slight 
compressive stress, 
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(35% as against 14%), and iron (14% as against 4%). The reverse 
would be expected to be the case (as in the other three materials), 
since the coating should have a much greater effect in the case 
of bending stresses. Swanger and France attribute the difference 
between the effects of zinc coatings applied by galvanising and by 
electrodeposition to the difference in the nature of the bond between 
the zinc and the steel, and to the difference in the stress conditions 
at the bottom of a crack on reaching the hard inner layer of the 
former and in the softer coating of the latter. 

The results‘ given in Table I. for steel wire, on the other hand, 
show a decrease in the fatigue limit in air of only 5% due to galvanis- 
ing. Decreases of 18% in tap water, and of 13% in salt water, 
show that very considerable protection is afforded by galvanising, 
the decreases in the case of uncoated wire being 53% and 76% 
respectively. 

Shelton and Swanger found that the fatigue limit of a galvanised 
bridge wire of 0-75% carbon steel, hardened and tempered, was 
only 45% of its value when the wire was machined and polished. 

Finally, the work of Gerard and Sutton (also part of the present 
joint research) on duralumin may be quoted. Here cadmium- 
plating afforded a much lower degree of protection than did either 
zinc-plating or aluminium spraying, the cadmium deposit being 
insufficiently adherent for efficient protection. 


II.—MATERIAL. 


The material used for these tests was } in. dia. steel wire to 
British Standard Aircraft Specification 5W3 (Streamline Wire 
Steel). The specified and actual compositions and tensile strengths 
of the material used were as follows : 


Composition, B.S.S. 5W3. Actual, 
Carbon 0:5-0:6% 0-50% 
Silicon Not more than 0:3% 0-110% 
Manganese 0-5-0-9% 054% 
Sulphur Not more than 0-05% 0-020% 
Phosphorus Not more than 0-05% 0-010% 

Tensile strength. 52-62 tons per sq. in. 63-3-66-6 tons per sq. in. 


(See Table ITI.) 


The material had therefore a somewhat high tensile strength. 
It was supplied by the R.A.E., Farnborough, in the form of straight 
bars, 10 ft. in length, cut from a coil and straightened. 

The material (except in the case of the aluminium-coated 
specimens) was tested in both the cold-rolled condition (as specified) 
and after normalising, the specimens being cut to length and cooled 
in air from 850° C. after 20 min. soaking; the heat treatment was 
carried out at the R.A.E., Farnborough. 

The streamline wire steel, the results of corrosion-fatigue tests 
on which have previously been reported, was a similar material 
but from a different batch. 
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III].—PartTIcULARS OF COATINGS APPLIED. 


A list of the coatings applied is given in Table II. It will be 
seen that the coatings consisted of zinc (applied by galvanising, 
sherardising or electrodeposition), electrodeposited cadmium, sprayed 
aluminium (Schoop process), or phosphates, with or without an 
organic coating of enamel or boiled linseed oil. Further details are 
given below. 

Galvanising.—This was carried out to the instructions of the 
R.A.E. by the hot-dipping process in’ an industrial plant. The 
thickness of coating as determined chemically on two blanks of the 
same form treated at the same time was 0-00218 in. and 0-00168 in. 

Sherardising.—This was carried out to the instructions of the 
R.A.E. by an industrial firm operating the process on a large 
scale. The thickness of coating as determined chemically on blanks 
treated at the same time was 0-00070 in. and 0-00059 in., whilst 
nine specimens measured before and after coating gave the follow- 
ing approximate thicknesses (in ten-thousandths of an inch) : 5, 5, 4, 
5, 5, 5, 6, 5, 6 (mean 0-00051 in.). 

Zine-Plating.—This was carried out at the R.A.E. The speci- 
mens were anodically cleaned in a_sulphuric-acid/potassium- 
bichromate bath at 100 amp. per sq. ft., and plated in a zinc- 
eg, pen mage ee bath at 16 amp. per sq. ft., 
pH 4-2-4:5. The average thickness of coating (determined 
chemically) was 0-00056 in. 

Cadmium-Plating.—This was carried out at the R.A.E. The 
specimens were cleaned as for zinc-plating, and were plated in a 
cyanide bath at 8 amp. per sq. ft. for 43 min. The average thick- 
ness of coating (determined chemically) was 0-00052 in. 

Phosphate Treatment.—This was carried out by an industrial 
firm to the instructions of the R.A.E. No estimate is given of the 
thickness of the phosphate coating, since the rough crystalline 
surface is easily damaged by the use of a micrometer, and chemical 
‘methods are rendered difficult by the nature of the coating. 

Aluminium-Spraying.—This was carried out at the R.A.E., 
by the Schoop process. The thickness of coating on two blanks was 
0-0014 in. and 0-0017 in. by weighing, and 0-0025 in. and 0-0025 in. 
by measurement. 

Enamel.—Enamelling was carried out at the R.A.E. The enamel 
used was a pigmented oil varnish to Air Ministry Specification 
D.T.D.62, two coats being applied with a brush, except in the case 
of the aluminium-sprayed and enamelled specimens, to which one 
coat only was applied. The amount applied, determined by 
weighing and by measurement on four of the enamelled specimens, 
was 2-32, 1-74, 2-18, and 2-57 oz. per sq. yd. 

Oil.—This was boiled linseed oil, two coats being applied at the 
R.A.E. with a brush. The amount applied, determined by weigh- 
ing and by measurement on four specimens, was 0-66, 0-41, 0-68 
and 0-58 oz. per sq. yd. 
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IV.—MeEtHOD or TEST. 


The tests were carried out in rotating-beam-type fatigue testing 
machines at a frequency of about 2200 cycles per min. A uniform 
bending moment over the test portion of the specimen was induced 
by the application of equal upward and downward loads to the 
enlarged outer end of the specimen, the inner end being gripped 
in the chuck of the machine. 

The method of application of the corrosive medium has been 
fully described in an earlier paper. The test portion of the speci- 
men was enclosed in an ebonite “ spray chamber,” the side of which 
carried an injector actuated by compressed air. By this means a 
very fine spray of a 3% solution of common salt in distilled water 
was injected directly on to the test portion. The form of specimen 
adopted was similar to that shown in Fig. 1b of the previous paper, 
the parallel test portion being 0-275 in. in dia. by 0-75 in. long, 
joined by fillets of 1 in. radius to ends respectively 0-48 in. and 
0-375 in. in dia. 

The fatigue tests in air were carried out on an endurance basis 
of 10 million cycles, and those in salt spray on a basis of 20 
million cycles. Whilst no corrosion-fatigue limit exists, experience 
has shown that the behaviour of a material under corrosion-fatigue 
can be reliably estimated from tests on this basis. A basis of 50 
million cycles would probably have been better, but the extensive 
programme and considerations of the time involved dictated the 
adoption of the lower figure. 


V.—REsvutts or TESTS. 


The results of tensile tests carried out on one sample with 
each type of coating in each condition (as-drawn, and normalised) 
are given in Table III. 

The results of the fatigue tests, in air and in salt spray, 
are given in Tables IV. to XIII., and are shown plotted to a 
logarithmic scale in Figs. 1 to 10. 


VI.—EXAMINATION AFTER TEST. 


The fractures of the specimens tested uncoated were serrated 
in a manner typical of corrosion-fatigue, and were extremely 
rusty; in all other cases, however, the fracture was approximately 
plane, and in most cases the amount of rusting was sufficiently 
low to enable the extent of the fatigue crack immediately before 
fracture to be seen. 

The surface of the uncoated specimens was, of course, extremely 
rusty. A small amount of rust appeared on the surfaces of some 
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of the aluminium-sprayed and enamelled, zinc- and cadmium- 
plated and galvanised specimens. The coating of the cadmium- 
plated specimens was apparently washed away at the point where the 
spray impinged, and it was in this region that failure of these 
specimens occurred. The enamelled specimens showed several 
cracks along the whole length of the test portion, each accompanied 
by deposits of rust. The aluminium-sprayed specimens had a 
white deposit of corrosion product (probably aluminium hydroxide) 
over the whole test portion. None of the sherardised or phosphate- 
treated and enamelled coatings showed any signs of damage, and 
the same applies to some of the zinc- and cadmium-plated and 
galvanised specimens and, except in the vicinity of the fracture, 
to the cadmium-plated and cadmium-plated and enamelled 
specimens, 

The surface under the coating of the tested specimens was 
found to be unattacked, except in the case of the cracks in the 
enamelled coating already mentioned, all three types of cadmium- 
plated specimens and the enamelled specimens (except at and around 
the cracks) retaining the polished surface of the steel below the 
coatings. 


VII.—Discussion oF RESULTS. 


From the plotted results of the fatigue tests (Figs. 1 to 10) 
it can be seen that the results obtained in air are quite reasonably 
uniform. The results obtained in salt spray show a certain 
amount of “ scatter’ in a few cases, viz., galvanising, sherardising 
and aluminium and enamel (all in the drawn condition), and a 
smaller amount in other cases, viz., enamel, zinc-plating, cadmium 
and enamel (in the drawn condition) and galvanising and phosphate 
treatment and enamel (in the normalised condition). In all the 
other cases (more than half the total) very little scatter is revealed. 
In no case, with the doubtful exception of galvanised drawn material, 
is there any indication of a corrosion-fatigue limit. In the case 
of galvanising, the tests on normalised material show no indication 
of a corrosion-fatigue limit, a break having actually occurred 
at about 100 million cycles. Also, in conformity with the authors’ 
previous work on steels,® light alloys, and bronzes,” the best 
representation of the S/N curve when plotted to a logarithmic 
scale is a straight line after a few million reversals are reached. 
The scatter appears to be most in the case of the galvanised and 
sherardised coatings—probably the most difficult processes to 
control of those applied; thus, the two galvanised specimens 
investigated had coatings of 0-0022 in. and 0-0017 in., whilst the 
sherardised coatings varied from 0-004 to 0-006 in. Less variation 
in thickness would be expected in the case of the electrodeposited 
coatings, which show remarkably little scatter. 




















324 P 


SOPWITH AND GOUGH: EFFECT OF 


TaBLY IV.—Results of Fatigue Tests on Uncoated Material (UV). 





























As-Drawn. | Normalised. 

. Stress. Ti End » : Stress. T End le 

Specimen, rom aq. . | mx 108, Specimen. | per sq. —- | x 108. 
In Air, 

3A +27 0-:20B 13A +18 0-67B 

3B +26 0-66B 13B +17 4:10B 

3C +251 0-94B 13H +16-5 2-48B 

3F +24:3 13-110 13D +16-3 12-33U 

3Ez +24-2 16-810 130 +16 10-59U 

3D +24 10-48U 

In Salt Spray. 

3M +10 1-71B 13F +10 2-63B 

4B + 85 3-25B 13M + 9 6-43B 

3P +7 4-54B 13K + 85 4:16B 

3G + 6 6-87B 13J + 7 8-80B 

37 + 5:5 7-36B 13H + 6 15-02B 

3K + 5:5 14-80B 13L + 4 19-94B 

3L + 5 8-66B 

3N +4 11-19B 

3Q + 4 11-40B 

4A + 3 29-40B 











TaBLE V.—Resulis of Fatigue Tests on Enamelled Material (E). 






































As-Drawn. Normalised. 
Specimen. | “Pereq in, | x 10%” | Specimen. | See. Te | Boe 
In Air. 
23A +24 1-:00B 330 +18 1:00B 
23B +23 7-30B 33D +17°5 3°11B 
23D +22°-5 12-64U 33B +17 13-68U 
23E +22-5 15-72U 383A +16 20-04U 
23C +22 19-08U 33H +15+2 11-63U 
In Salt Spray. 

23F +25 0-42B 33F +15 1:04B 
234 +18 1:90B 334 +14 4:20B 
23H +17 2-01B 33H +13 8-12B 
237 +16 4:94B 337 +12 14-88B 
23K +15 3-51B 33K +11 22-54B 
23L +14 8-24B . 
23M +12 5:94B 
23P +11 11-89B 
23N +10 27:34U 











B = broken; U = unbroken, 





Semi-Range of Stress. 
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Fie. 1.—Fatigue Tests on Uncoated Material (U). 
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Fie. 2.—Fatigue Tests on Enamelled Material (Z). 
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TaBLeE VI.—Resulis of Fatigue Tests on Hot-Galvanised 
























































| Material (G). 
1 2 — a nog at : = 
As-Drawn. Normalised. 
4 Specimen. = | a” Specimen. om. Endurance, 
a asi 
In Air. 
i | 11¢ +26 | 0-23B 21E +19-8 0-08B 
a | 11H +25 0:30B 21B +16 0-93B 
| 11E +25 0-38B 214 +15-5 0-28B 
if 11lF +24-5 10-39U 21A +15 0-93B 
of 11K +243 10:19U 21C +14°5 14:36U 
: 11A +24 10:08U 21D +14:5 11-85U 
11B +23 15-96U 
a In Salt Spray. 
et 11D +26 0-55B 21H +18 0-45B 
4 11g +25 0-74B 217 +17 2-44B 
4 1lJ +24-5 0-89B 21K +16-5 93-26U 
f 11N +24 32-65U 21F +16 | 87-80B 
m4 11M +23 24-63U | 
; 11L +21:8 34-33U 
K TaBLE VII.—Results of Fatigue Tests on Sherardised Material (S). 
i | As-Drawn, Normalised. 
4 — Sa GR 
Specimen. | yg ars aM Specimen. | aa | —- | 
| , _ | 
i | In Air. | 
t 9G 424 |  0-36B | 194 | +16 | 139B | 
4 9A +24 | 0:54B 19B -15°5 | 1-68B 
: 9H + 23-5 0-32B | 19F | +15 | 1-05B 
9B £23 | 0-51B 19C +15 | 253B 
9F +23 10:20U 19E i} +14°5 | 10-42U 
| 9F +22°5 | 10-29U 19D | +14 | 10-03U 
| 9D 4225 | 13-16U | | | 
| 9c +216 | 10-:14U | | | 
| 
| In Salt Spray. 
| 9N +26 0-95B 19L 417-5 0:31B 
| OL +26 <2-17B 19M +165 | 2-98B 
| 9P +25-5 26-07B 194 +16 3-73B 
| 9M +25 25-97U 19.7 1155 19:04B 
9K +23-7 35-16B 19H +15 18-29B | 
9T | +22°8 39-98U | 
B = broken; U = unbroken. 
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Fic. 3.—Fatigue Tests on Hot-Galvanised Material (@). 
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Fic. 4.—Fatigue Tests on Sherardised Material (S). 
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Normalised. 














328 P SOPWITH AND GOUGH: 
TaBLE VIII.—Results of Fatigue Tests on Zinc-Plated Material (Z). 
As-Drawn. 
Specimen. xpd Dg ~~ iia Specimen. 
' 1 
In Air. 

5A 425 5-16B 15A 

5B +24-5 0-22B 15C 

5D 424-5 0-48B 15D 

5E +243 12-:07U 15F 

50 +24 16-68U 15B 
15z 

In Salt Spray. 

5L +25 1:38B 15M 

5Q +24 2-69B 154 

5G +23 0-96B 15L 

5N +22:°5 13-29B 157 

5M +22 3-53B 15K 

5P 421-5 6-56B 15H 

5H +21 20-570 

5F +15 20:34U 














Stress. Tons 
per sq. in. 





Endurance. 
x1 





3-96B 
2-72B 
0-53B 
10:04U 
12-90U 
16-76U 


0-27B 
1-76B 
4:19B 
13-80B 
24-60B 
20-82U 








TaBLE [X.—Results of Fatigue Tests on Cadmium-Plated 



































Material (C). 
As-Drawn. Normalised. 
| S| A eee) ee |) 
In Air. 

7A +24 0-30B 17A +16 1:17B 
7H +24 0-34B 17D +15°5 1-26B 
7B +24 0-:97B 17C +15:5 12-70U 
TJ +23°5 0-:83B 17B +15 10-14U 
7c +23 0-42B 17z +15 15-65U 
7G +23 10:08U 
TF +22 10:28U 
TE +20 10-:34U 

In Salt Spray. 
1K +24 0:84B 177 +18 0-43B 
7L +23:1 0-83B 17L +17 1-67B 
71M +22 1:90B 174 +16 *4-77B 
8D +21-1 3°37B 17F +15:1 6:47B 
7Q +20 9-48B 17H +15 7-:99B 
8C +19 17-29B 17K +14 16-71B 





B = broken; U = unbroken, 








PE 
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Fia. 5.—Fatigue Tests on Zinc-Plated Material (Z). 
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Fie. 6.—Fatigue Tests on Cadmium-Plated Material (C). 
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EFFECT OF 


TABLE X.—Results of Fatigue Tests on Cadmium-Plated and 
Enamelled Material (CE). 
































As-Drawn. Normalised. 
Specimen. agg | ~~ Specimen. | a 
In Air. 

25F +25 1:74B 35A +18 
25A +24 0-89B 35B +17 
25C +23-5 0-59B 35C +16 
25B +23 13-18U 35H +15-5 
25D +23 11-58U 35r +15°5 

35D 15 

In Salt Spray. 

254 +24 1-46B 35K +18 
25H +22 2-36B 35L +17 
257 +20 7-40B 354 +16 
25K +18 3-65B 35H +15 
25M +18 17-04B 357 +14 
25L +17 25-39U 35M +13-5 


Endurance. 
x 10%, 


0-65B 
0-96B 
2-76B 
14-:17U 
13-84U 
11-52U 


0-58B 
1-05B 
6-01B 
6-34B 
13-81B 
18-05B 





TaBLE XI.—Results of Fatigue Tests on Cadmium-Plaied and 





Oiled Material (CO). 























As-Drawn. | Normalised. 
RS Bg ee 
Specimen. ol tg Endurance. Specimen. | "aero. ing | —— 
} ats 
In Air. 
29.A +24 0-45B 39A +18 0-79B | 
290 +23-5 2-51B 39B +17 1:33B sO 
29B +23 12-90U 39D +16°5 11-08U 
29D +23 0-81B 39H +16-5 2-27B 
29E +22°5 0-34B 39F +16 2-98B 
29F +22 15-:24U 39C +16 10-:92U 
29G +22 0-90B 394 +155 11-32U 
29H 21:5 10-02U 39H 115-5 13-39U 
297 +21:5 10-26U 
In Salt Spray. | 
29K +24 0-62B 39N +17 1-11B 
29L +22 1-04B 397 +16 1-335 
29M +20 2-62B 39k +15 * 3-51B 
29N +19 2-48B 391 +14 9-84B 
29P 417 6-29B 39M +13-5 18-31B 
29Q +14-5 26-10B 
— 

















B = broken; U = unbroken. 
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Fic. 7.—Fatigue Tests on Cadmium-Plated and Enamelled Material (CZ). 
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Fie, 8.—Fatigue Tests on Cadmium-Plated and Oiled Material (CO). 
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EFFECT OF 





TABLE XII.—Results of Fatigue Tests on Phosphate-Treated and 
Enamelled Material (PE). 















































| As-Drawn. Normalised. 

i ; 

specimen. | See tn | eon | Specimen.| SO | To 

i } | } 

' In Air. 
27A +24 1-48B 37E +19 1-:32B 
27B +23 5-45B 37B +18 2-49B 

| 27E 422-5 18-86U 370 +175 13-58U 
27F +22-5 16-07U 37D +17°5 10-48U 

270 +22 12-74U 37A +17 20-57U 

In Salt Spray. 

] 274 +24 0-55B 37F +18 0-58B 
27H +22 1-:13B 37G +17 2-41B 
27K +20 1-:53B 37H +16 6-47B 
27L +18 2-55B 377 +15 6-90B 
27M +16 3-26B 37K +15 2-77B 
27N +14 5-75B 37L +14 8-48B 
27P +12 6-76B 37M +13 8-91B 
27Q +10 25-58U 37P +12-5 30-34B 

37N 4-19 29-80U 


TaBLE XIII.—Resulis of Fatigue Tests on Aluminium-Sprayed 





Material (as-Drawn). 





























Uncoated (A). Enamelled (AZ). 
Specimen. ae —" Specimen. yor - a 
1 1 
In Air. 
41J +27 0-61B 42D +26 0:48B 
41B +26 1:07B 42F +25°5 0:37B 
41H +255 14:20U 42E +25 14-69U 
41F +25°5 14:30U 42G +25 14-20U 
In Salt Spray. 

41K +26 0-:28B 42M +27 0-99B 
41M +25 1-81B 42L +26 24-57B 
41N +24 0-84B 42N +25 1-07B 
41P +22 2-21B 427 +24 17-:04B 
410 +20 14-70B 42P +23-6 22-09U 
41G +19 22-05U 


























B = broken; U = unbroken, 





Fia, 


Fia. 
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Fie, 9.—Fatigue Tests on Phosphate-Treated and Enamelled Material (PZ). 
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Fia. 10.—Fatigue Tests on Aluminium-Sprayed Material (A and AEF) (as- 
drawn). 
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The results of the fatigue tests are summarised in Table XIV., 
in which are given the fatigue limits in air and the endurance limits 
in salt spray at one, 10 and 20 million cycles. The latter are obtained 
from the curves of Figs. 1 to 10, and for purposes of easier com- 
parison, these curves are plotted on the same diagram in Fig. 11. 
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Fie. 11.—Summary of Corrosion-Fatigue S/N Diagrams. 


Considering first the results of the tests in air, the fatigue limits 
vary from 89 to 108% of those for the uncoated material. Some 
of this variation may be due to variation of the tensile strength 
(Table III. shows that the drawn material varies by about + 24% 
and the normalised by from — 5% to + 4%). Itappears safe, how- 
ever, to draw the following conclusions : 


(1) Zine-plating does not appreciably affect the fatigue 
limit in air. This agrees with the work of the other investigators 
cited above. 

(2) Cadmium-plating decreases the fatigue limit by about 
6%. No comparable figures are available. 
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(3) Sherardising and galvanising produce a slight decrease 
in the normal fatigue resistance, which, however, does 
not exceed 10% at most; in the case of galvanised drawn 
material, no decrease at all is present. This appears to differ 
considerably from the American results (Harvey, ® Swanger 
and France, Shelton and Swanger), which in steels of similar 
hardness show decreases of 14 to 55%, but it agrees well with 
other work on steel wire of unspecified strength, where the 
decrease is 5%. 


Turning now to the results in salt spray, the zinc group of 
coatings appears to give the best results, the mean decrease in 
corrosion-fatigue resistance (on a basis of 20 million cycles) as com- 
pared with the uncoated material in air being only about 2% for 
galvanising, about 34% for sherardising and about 12% for zinc- 
plating. Again, the results for galvanising are much higher than 
the American values (28% decrease under milder corrosive conditions), 
the value for commercial zinc-plating being also slightly better 
(12% decrease as against 19%). The results on galvanised materials 
are also slightly better than other previous results (13% decrease). 

Aluminium-spraying plus enamel gives about as good protection 
as galvanising or sherardising, whereas spraying alone results in a 
reduced protection (about 20% less). The protection in the latter 
case and in the former when the enamel coating is cracked or 
washed away, appears to be almost entirely anodic, the aluminium 
being attacked with the formation of a white deposit, presumably 
aluminium hydroxide. As usual, the sprayed coating is somewhat 
porous, as is shown by the small amount of rust present on the 
surface of the coating. 

The cadmium coatings give distinctly less protection than galvanis- 
ing, sherardising, zinc-plating or aluminium plus enamel. These 
cadmium coatings as a class do not appear to be very adherent; 
on several specimens the coating has been entirely removed by the 
erosive action of the spray. It is possible that under less severe 
conditions, with the absence of any erosion, cadmium coatings 
would be of greater value. 

Phosphate treatment before enamelling, when compared with 
enamel only, appears to confer no benefit in the case of the drawn 
material and a little benefit only in the case of the normalised 
material. 

With regard to the effect of organic coatings, enamel by itself 
seems to afford a considerable measure of protection, but it cracks 
or flakes off at some period in its cyclic history. It appears to be 
useful on aluminium-sprayed material, also to a slight extent on 
phosphate-treated material, but to have a slightly harnrful effect 
in the case of cadmium-plating. Boiled linseed oil has a more 
harmful effect on cadmium-plating. The harmful effect is probably 
due to the coating (oil or enamel) cracking, and more localised 
corrosion being set up at the cracks. 
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It is noticeable that the thickest coatings, viz., galvanising and 
aluminium-spraying (plus enamel), both about 0-002 in. thick, give 
very good results; this, however, appears to be largely, if not 
completely, fortuitous, since, in the case of zinc, sherardising 
(0-0005 in.) gives practically as good results as galvanising and con- 
siderably better than zinc-plating (also 0-0005 in.), and, in the case 
of aluminium, the sprayed aluminium alone is by no means one of the 
best coatings. 

One additional feature of Fig. 11 is worthy of remark. It will 
be seen that as the corrosion-fatigue resistance increases with the 
application of better forms of coating, the slope of the straight 
portion of the log S/log N curve decreases in a fairly regular manner. 









































TABLE XV. 
As-Drawn. | Normalised. 
Ratio of Endurance | Ratio of Endurance 
Type of Limit (2 x 107 Stress Type of Limit (2 x 107 Stress 
Coating.* Oycles) to Fatigue | Ratio. Coating.* Cycles) to Fatigue Ratio. 
Limit Uncoated. | Limit Uncoated. 
S 1-00 0-95 G 1-01 0-92 
AL 0-98 0:95 S 0:93 0-95 
G 0-95 0:95 Z 0-90 0-93 
Z 0-87 0-92 Cc 0-84 0-79 
A 0-80 0-86 co 0-82 0-86 
} 0-77 0-86 CE 0-82 0-83 
CE 0-72 0-76 PE 0-79 0-80 
CO 0-61 0-73 E 0-68 0-73 
E 0-44 0-62 U 0-24 0-20 
PE 0-44 0-59 
U 0-14 0-35 





* For reference to the types of coating, see Table IT. 


This is shown quantitatively in Table XV., in which are shown 
corresponding values of the ratio of the endurance limit (20 million 
cycles) in salt spray to the fatigue limit of uncoated material in air 
and of the “ stress ratio ”’ (t.e., ratio of stresses for a tenfold increase 
of the endurance for the straight portion of the curve). 

The authors have previously expressed the opinion that 
“the stress ratio may be regarded as a measure of the damage 
a material sustains due to corrosion-fatigue, the actual height of 
the curve being influenced also by the initial fatigue strength.” 
In this case the initial fatigue strength is the same in all cases 
(for each of the conditions of material—drawn or normalised). 
Table XV. shows that the above view is borne out by the present 
results, 

The divergence of the curves affords further evidence of the fact 
that a reliable estimate of the corrosion-fatigue resistance can be 
obtained from the results at 20 million cycles. 

1937—i Zz 
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VIII.—GENERAL CONCLUSIONS. 


The main results of the investigation may be summarised as 
follows : 

(1) The corrosion-fatigue resistance of streamline wire steel 
in salt spray may be increased by the application of galvanising, 
sherardising or aluminium-spraying plus enamelling to such an 
extent that the endurance limit at 20 million cycles is little, if at all, 
inferior to the fatigue limit of the uncoated material in air. 

(2) Aluminium-spraying alone, also cadmium-plating, whilst 
not so good as the above, reduce the decrease in fatigue resistance 
to about 20% in place of about 80% when uncoated. The results 
with cadmium-plating are not improved by the addition of organic 
coatings (enamel or boiled linseed oil), the effect of which may indeed 
be harmful. 

(3) A coating of enamel produces a considerable improvement 
in the corrosion-fatigue resistance, but not to an extent comparable 
with the metallic coatings. Phosphate treatment before enamelling 
produces little further improvement. 

(4) Zine-plating and aluminium-spraying do not decrease the 
fatigue resistance of the steel in air; galvanising, sherardising 
and cadmium-plating give slight decreases, not exceeding 10% at 
most. 

(5) No indication is given, at any rate up to 20 million cycles, 
of the existence of any corrosion-fatigue limit, the log S/log N 
curves becoming straight after from less than one to 10 million cycles. 
The slope of the straight portion of the curve gives a good indication 
of the corrosion-fatigue resistance of the material, the actual value 
of the endurance limit being also affected by the initial fatigue 
strength. 
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JOINT DISCUSSION. 


The papers by Gough and Sopwith on “ The Influence of the Mean Stress 
of the Cycle on the Resistance of Metals to Corrosion-Fatigue,’’ and by Sop- 
with and Gough on “ The Effect of Protective Coatings on the Corrosion- 
Fatigue Resistance of Steel,’ were discussed jointly. 


Dr. W. H. Hatrrevp, F.R.S. (Vice-President, Sheffield), said 
that both the papers were very valuable contributions to the basic 
quantitative knowledge which would make it possible to adjudicate 
upon the relative values of steels of diversified properties due to 
composition or to coatings of various kinds. 

He thought that the actual details of the corroding influence, 
the spray test, might be laid down a little more meticulously. 
The conditions of a spray test might vary much with conditions 
which apparently differed very little ; looked at from the standpoint 
of the eaten Committee of the Institute, there could be very 
great differences in somewhat similar conditions, so that it would 
be an advantage if the authors would, with great meticulousness, 
describe the form of spray, the manner in which it came into play, 
and so on, which were not given with sufficient detail to enable one 
to be really critical. 

He had said that the experiments were of great value, and 
obviously, knowing the care with which the investigators conducted 
their work, the results for their conditions must be accepted; 
nevertheless, from a practical engineering point of view he thought 
it was necessary to make a comment, namely, that the authors 
suggested that, for instance, taking a carbon steel, a 15° chromium 
steel, a 17/1 chromium-nickel and an 18/8 chromium-nickel steel, 
they were unable to get a fatigue limit under corrosive conditions 
for any of those steels; whilst that might convey to the unsophisti- 
cated mind a similarity of all those materials in regard to failure 
under similar conditions, that was not the case. Judging by trial 
and error, according to what those materials would actually do, 
a progressively increased value of those materials would be found 
for use under conditions of relatively high stress under corroding 
conditions. For instance, if 15° of chromium were added to steel, 
the engineer knew that under service conditions, where he had tested 
out the possibilities of the material, he could stress it to higher 
values than he could a steel which did not contain that chromium, 
and by increasing the chromium to 17 or 18°, and adding a little 
nickel a still better result could be obtained. With 18° of chromium 
and 8% of nickel, propeller shafts could work in tropical waters for 
an indefinite period of time under conditions of very high stress, 
where, within the practical limits of experience, failure from 
corrosion-fatigue did not occur. 

That was not a criticism of the authors’ work, but merely a 
statement of fact. What one had to do was to co-ordinate empirical 
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experience of that type with the critical quantitative evidence 
derived by the authors from a particular set of conditions. He 
would ask the authors to be most precise in characterising their 
experiments quantitatively and in a Ruskinian manner, so that some 
attempt might be made to correlate their results with actual engineer- 
ing experience. 


Dr. H. Surron (South Farnborough, Hants.), said the papers 
were of great interest to him personally, and congratulated the 
authors on the splendid way in which they had presented them. 
Dr. Gough, with reference to the first paper, mentioned the choice 
of a simple solution of sodium chloride in water as the corroding 
medium, and, while that had obvious objections, it had something 
to commend it. The solution was one which was easily prepared 
in any chemical or metallurgical laboratory, and therefore it was a 
definable medium. Both substances were available in a considerable 
degree of purity, and he thought that for preliminary work the 
authors were well justified in making that choice. At Farnborough 
they had tried similar experiments to those described, but on the 
light alloy side of the work, in which they first used actual sea-water 
and then repeated the experiments with sodium chloride solution ; 
and, under the conditions of the spray chamber employed, the 
difference was very small indeed. 

He did not know whether he could induce the authors to say 
something on their views as to what was really happening towards 
the end of the life of a specimen which was going to fail in corrosion- 
fatigue. Dr. Gough and his co-workers at Teddington had done 
much to elucidate the details of the failure of metals and alloys 
in fatigue, and personally he was very interested to know what was 
happening when metals were approaching the end of their life 
in corrosion-fatigue. Was the corrosion product hindering the 
process of healing, which might happen to some extent, perhaps, 
in the ordinary tests ? 

He did not know whether in preparing the graphs which repre- 
sented the combined effects of the fatigue and static stresses they 
made determinations to find the breaking load under steady stress 
for the endurance mentioned. In other words, when plotting the 
Goodman diagram or Gerber diagram the point referred to as the 
ultimate tensile stress should, he supposed, indicate the result of a 
test during which the tensile stress was applied for a period of some 
days to correspond to the period of a fatigue test. He also felt 
that some of those diagrams representing compressive stresses as 
well as mean tension would be interesting; he believed that under 
those conditions the corrosion-fatigue properties were benefited. 

He was very interested in the paper on protective coatings, 
because he felt that the work was not only of very practical interest 
to aircraft engineers, but bore on a very big range of steels used 
in engineering industries in general. He was a little doubtful 
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regarding the second of the authors’ requirements on the first 
page of the paper, because recently Dr. Evans and his co-workers 
at Cambridge had produced a new type of protective coating which 
might be of benefit in corrosion-fatigue as well as under ordinary 
corrosion conditions, and it might be that a thin, friable film of a 
definitely corrosion-inhibiting character, but not possessing great 
mechanical strength, might prove advantageous. He agreed that 
the phosphate coatings had proved disappointing so far, but he 
thought there was perhaps hope for the inhibitive type, and the 
matter should be approached with an open mind. The important 
thing was that several very well used, well-known and ordinary 
methods of protecting steel against corrosion had given such out- 
standingly good results under the conditions of the authors’ tests. 

The authors’ observations showed that small amounts of cor- 
rosion, such as were hardly discernible with the naked eye, might 
have very vital effects on the mechanical life of a component, 
and those observations provided serious thought for users. 

There were many points on which one could ask for further 
information in connection with such an interesting subject. There 
were so many variables that it would be almost impossible to draw 
up a programme to meet all one’s requirements, but he would 
like to have the authors’ views on the likelihood of the coatings 
proving effective under the conditions of alternating torsion. Did 
they think that the conditions of alternating torsion, which very 
frequently arose in practice, would be more damaging than bending ? 

The freedom from scatter was, he thought, very remarkable. 
The results fell very nicely into lines. Most of those who studied 
corrosion were familiar with its many vagaries, and he was surprised 
that the points fell so regularly on the graph. 

In conclusion, he would express appreciation of the authors’ 
suggestion of the stress ratio as a means of assessing the quality 
of the corrosion-fatigue resistance ; he thought that that would be a 
very valuable and useful property. 


Dr. S. F. Dorry (London), said that the two papers were of 
considerable interest to him, particularly from the practical point 
of view, and he proposed to confine his remarks to the practical 
side. Probably the most important point in the first paper was the 
very rapid decrease, even in the case of the three stainless steels, 
of the endurance range of stress with the number of cycles. From 
his own point of view, this was of very much more importance 
than the mean stress; nevertheless, the experiments which had been 
made by utilising a fluctuating stress on a mean stress were of 
considerable practical importance, because most frequently stress 
conditions were such that there was a mean stress and a fluctuating 
stress superimposed on it. Simple illustrations, so far as the marine 
side was concerned, were the piston-rod, screw shaft and propeller. 
Figs. 1 to 6 showed the very rapid falling off to which he had referred, 
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and he thought that so far as the 0:5°% carbon steel was concerned 
it might almost be said that there was really no difference in the 
effect of the mean stress, i.e., the whole effect was shown up by 
the fluctuating stress. 

To make this point clear it might be well to refer to Figs. 7 to 12 
inclusive. Examination of these curves in conjunction with mean 
stresses generally allowed in design for parts subjected to fatigue 
indicated that the fatigue endurance would not vary greatly from 
that for reversed stress for values of mean stress found in practice. 
These remarks also applied particularly to the 0-5°% carbon steel, 
the 15%, chromium steel and the 17/1 chromium-nickel steel. 
Duralumin also showed this characteristic for 107 and 5 x 10’ 
cycles of stress. This point was further illustrated by the statement 
on p. 312 p regarding the higher corrosion-fatigue resistance of the 
0-5% carbon and 15% chromium steels under repeated stress than 
under reversed stresses. 

Reference to Fig. 6 showed that if the results were extrapolated 
it was evident that under service conditions a very small fluctuating 
stress would ultimately lead to failure. Taking the simple case 
of the machinery of a ship with the shaft rotating at 100 r.p.m. 
and running 300 days a year, which was possible, in 5 years that 
shaft would have made 2 x 108 revolutions, so that, comparing 
with Fig. 1 where the results in one case were somewhat less than 
108, it would be seen that the life was somewhat short, even with a 
very low range of stress. As a matter of fact, one reckoned to 
obtain at least 15 years’ life from a propeller shaft, so that under 
working conditions liable to corrosion-fatigue it was necessary 
not only to take into account the working stress, but to alter one’s 
mind with regard to the factor of safety. The factor of safety 
was simply a question of time. 

In the case of tests carried out on small specimens, in relation 
to actual working conditions it was necessary to consider the effect 
of the size of the specimen, and that was a matter of very definite 
importance. The test-pieces were only 0-15 in. in dia., whereas 
screw shafts were anything up to 20 in. or more in dia. He hoped, 
therefore, that the authors would in future obtain some results 
which would show the variation of the effect of corrosion-fatigue 
conditions with the size of specimen. Further information was 
also required with regard to the effect of stress concentrations, 
to enable the results obtained to be applied still further in practice. 

He thought it might be well to mention one or two cases of 
practical importance, so as to give an idea of the stresses that 
were encountered in connection with failures under marine con- 
ditions. To take, for instance, a screw shaft, the lowest recorded 
stresses, neglecting stress concentration factors, had been as follows : 


(1) Screw shaft (forward of keyway): -++ 1-6 tons per sq. 
in. (mean torsional stress, 1-28 tons per sq. in.). Hard spots 
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were found in the forging near the fracture. The stress cycles 
were about 1-3 x 108. The stress concentration factor was 
1-0, t.e., the shaft broke away from the keyway. 

With two similar screw shafts without any known forging 
fault, failure occurred at a mean stress of 1-28 tons per sq. in. 
and an estimated fluctuating stress of + 2-23 tons per sq. in. 
The stress concentration factor was 1-6, i.e., the shaft broke 
at the keyway. The stress cycles were 2:7 x 108 and 6 x 10? 
respectively. 

(2) Piston-rods: -++ 1-68 tons per sq. in. (mean stress 
1-95 tons per sq. in.). Stress cycles 8 x 10’. The stress 
concentration factor was approximately 2, the failure being at 
a hole at right angles to the bore of the rod. 


The screw shafts referred to were between 12 and 15 in. in dia., 
being ordinary mild-steel shafts of a tensile strength of about 
28-32 tons per sq. in. The piston-rods, which were from a double- 
acting engine, were about 8 in. in dia. 


(3) Bronze propeller (tensile strength 32 tons per sq. in.) : 
+ 2-5 tons per sq. in. (mean stress 3-3 tons per sq. in.). Stress 
concentration factor unknown; stress cycles about 10°. 


With regard to (3) above, corrosion-fatigue results for propeller 
bronzes would be of great value. 

Referring to the failures in the case of screw shafts and piston-rods 
occurring at remarkably low stresses, he was aware that failure 
might have been accelerated by shock loading in service, as with a 
screw shaft where a load was suddenly applied through the engine 
racing in heavy weather or with a piston-rod due to rapid changes 
of pressure in the engine cylinder. He considered, however, that 
the paper on the influence of the mean stress was of very special 
importance to him in his own line of work. 

There were one or two remarks which he would like to make on 
the second paper. The first point which occurred to him was 
the very high stresses obtained under the corrosion-fatigue con- 
ditions; he thought that these were apt to be somewhat misleading ; 
they tended to indicate that one could carry a very much higher 
stress with coatings than was in fact possible in service. It might 
be that this was due to the method of testing, employing a Wohler 
test as compared with a direct stress machine, and it might also be 
that the surface exposed to the corroding medium was insufficient 
to give an opportunity for any irregularities in the coating to occur. 
He said that because his experience had shown, in the case of piston- 
rods for double-acting oil engines, where the cooling of the piston 
must necessarily take place by utilising the bore of the rod to convey 
the cooling medium to the piston, that these coatings had been 
applied with little success; rods with coatings had broken down 
in almost the same time as rods without coatings. It might be 
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that the method of coating the bores of those rods was such that it 
was difficult to obtain uniformity and to be sure that there was no 
porosity in the coating; nevertheless, that finding had been borne 
out by experience, and as a result .it was either found necessary 
to fit sleeves of cupro-nickel in the bores of the rods or in other cases 
engine-builders had been forced to convey the cooling medium 
externally to the rod by fitting sleeves on the outside of it. He 
thought that that was sufficient to indicate that the results shown 
for the fatigue limit under corrosion-fatigue conditions were apt to 
be somewhat misleading, and convey the idea to the engineer that 


there was a solution to his problem. 


Mr. H. H. Burton (Sheffield), said that just before entering 
the room he had been in conversation with Dr. Houdremont, who 
asked him to mention that the question of the effect of protective 
coatings, under conditions of corrosion-fatigue, had been studied 
to a considerable extent in Germany, and they had confirmed Dr. 
Gough’s conclusion that neither ordinary steels treated with pro- 
tective coatings nor the various varieties of rustless steels exhibited 
a true fatigue limit. Dr. Houdremont stated, however, that the 
nitriding process did appear to result in the specimen so treated 
having a real corrosion-fatigue limit, and this process had been 
applied with complete success to the bores of piston-rods of the type 
which had just been referred to by Dr. Dorey. 

He (the speaker) was particularly interested in Dr. Dorey’s 
remarks, because in the Research Laboratories of the English Steel 
Corporation, a number of corrosion-fatigue tests had been carried 
out on nitrided specimens, and these did appear to have a definite 
fatigue limit, which, in the case of some steels, was appreciably 
higher than that of the unnitrided specimens when tested in air. 
These tests were, of course, of the reversed-bending-stress or Wéhler 
type. The experiments were, however, on a smaller scale than 
those of Dr. Gough, and it would be very interesting to hear whether 
Dr. Gough had conducted corrosion-fatigue tests upon nitrided 


steels. 


JOINT CORRESPONDENCE. 


Dr. J. C. Hupson (Birmingham), wrote that there were three 
points in the second paper on which he might perhaps usefully 
comment. 

(1) The authors’ tests showed that cadmium coatings had 
failed to afford better protection to steel than zinc coatings, under 
corrosion-fatigue conditions. The balance of evidence now accumu- 
lated also pointed to the conclusion that under most conditions 
of straightforward corrosion cadmium coatings were certainly no 
better and, on the whole, rather worse than equivalent coatings of 


zinc. 
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(2) It had been suggested in the discussion that from the point 
of view of the practical application of the results, it would be 
preferable to use natural sea-water as the corrosive agent rather 
than the sodium chloride solytion adopted by the authors. Con- 
siderable practical difficulties were associated with the use of natural 
sea-water, which varied in composition from one locality to another ; 
moreover, the composition of the water altered on storage. A Sub- 
Committee of the Corrosion Committee of the French Air Ministry, 
under the chairmanship of Monsieur Legendre, had investigated 
the problem and decided to standardise an artificial sea-water for 
corrosion testing in France.1_ The solution adopted had the follow- 
ing composition : 


Sodium chloride . : ; . . 800g. 

Di-sodium phosphate. ; . ; 1-876 g. 
Boric acid . ; : : ; ; 12-404 g. 
Distilled water. ° : ‘ ; 10 litres. 


The di-sodium phosphate and the boric acid acted as buffers 
and served to maintain the pH value of the solution at from 8-0 to 
8-2, which was that for natural sea-water. The artificial solution 
was initially adjusted to this pH value by the careful addition of 
sodium carbonate solution until a slight pink colouration with 
phenolphthalein was obtained. 

It seemed probable that the solution recommended by the 
French Committee was a better approximation to natural sea- 
water than an unmodified sodium chloride solution, and the authors 
might therefore consider trying it out in further work. 

(3) Dr. Dorey had referred in the discussion to the possible 
effect of the size of the test-piece on the results obtained. There 
was no doubt that in the case of ordinary corrosion a relatively 
greater rate of attack was liable to occur under some conditions 
below a limiting size of specimen. For example, Mears had re- 
ported increased corrosion of wires below a limiting diameter.” 
It was probable, however, that the limiting diameter, below which 
increased corrosion might conceivably result, was less than 0-275 in., 
as used in the authors’ experiments. 


Mr. T. Henry TurRNER (Doncaster) wrote that the second 
paper was of value to the user of metals in that it presented results 
which appeared to be in agreement with his engineering sense and 
were readily understandable and applicable. 

When certain types of nickel-plating were condemned a few 
years ago as being of no value in preventing fatigue, one felt that 


1 “ Rapport préliminaire sur les travaux du Comité chargé de mettre au 
point les projets de méthodes normalisées pour l’essai des métaux & la corro- 
sion par l’eau de mer,’’ Recherches et Inventions, 1930, vol. 11, p. 174. 

2 R. B. Mears, Bell Laboratories Record, 1933, vol. 11, p. 141. 
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the laboratory tests were becoming misleading, for practical ex- 
perience showed in many components that a good coating of nickel 
definitely prolonged the life. For example, a bicycle rim would 
have a very short life if unprotected, but with a good coating of 
nickel it had a fair service life. 

One recalled also the work of Professor Haigh, and was therefore 
not surprised to find that under corrosive conditions the fatigue 
strength of steel protected by zinc or aluminium was appreciably 
better than that of bare steel. 

Under the conditions of test, the coatings of metals were of value 
when the metal could protect the steel by electrolytic action. 
The sacrifice of the coating produced the protection of the steel, 
and one must therefore note that, in the samples tested, there 
was a big difference in the thickness of the deposits, which varied 
from 0-0005 in. to 0-002 in. 

Unfortunately, the conditions of test were not always reproduced 
in practice, as under some conditions the washing was supplemented 
by actual abrasion. An extreme case of this was, for example, 
that of a steel rail, where a protective coating might be rubbed off 
by galling against the chairs or by contact with the tyres. 

It was gratifying to find that the protection of steel by metal- 
spraying with zinc or aluminium and enamelling had proved so 
satisfactory, for this was a process which might be carried out 
almost anywhere as a maintenance operation on structures in situ, 
without the need for dismantling the parts in a workshop. 

Although the authors had found no corrosion-fatigue limit, 
they had shown that the service life of corrosion-resisting alloys 
or surface-protected ordinary steels would approach fairly near to 
the figures suggested by fatigue tests on bare steel in the artificial 
conditions of the laboratory. 

The metal-sprayed samples were presumably sand-blasted 
before metal-spraying. Were there any data as to the extent 
to which sand-blasting decreased the fatigue resistance and to what 
extent such a reduction depended on the grade of sand or shot 
used ? 


Mr. A. W. HorHersatL (Research Department, Woolwich), 
referring to the second paper, wrote that it was well known that, 
in static salt-spray corrosion tests, cadmium coatings corroded 
considerably less rapidly than zinc coatings of equal thickness. 
The inferiority of cadmium shown in the authors’ salt-spray cor- 
rosion-fatigue tests thus appeared somewhat surprising. The 
authors attributed the poorer behaviour of cadmium partly to its 
inadequate adhesion, and remarked that ‘“ these cadmium coatings 
as a class do not appear very adherent.’”’ It was of great importance 
that the exact meaning of ‘‘ adherent ’’ should be made clear. 

If the authors’ coatings became detached owing to lack of ad- 
hesion between the cadmium and the steel, owing to the presence of 
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an intervening film, then the results given in the paper were not 
necessarily typical of cadmium coatings, since these could be 
formed in a highly adherent condition upon steel by a simple 
procedure, 

He had examined the adhesion of cadmium coatings to steel 
using a positive adhesion test in which the cadmium was backed 
up first by a thin coating of copper (cyanide bath) and then by a 
nickel deposit, approximately 0-01 in. in thickness; the composite 
coating was then forcibly detached from the steel, the degree of 
resistance and the appearance of the fracture affording evidence 
of the degree of adhesion of the cadmium deposit. The results 
showed that cleaning treatments in which the steel was anodically 
passivified in a sulphuric acid solution (as the authors’ specimens 
were) produced varying degrees of adhesion, many specimens 
having, either locally or generally, poorly adherent coatings of 
cadmium. This result appeared to be associated with the difficulty 
of washing off all traces of acid and iron salts which, if present on 
the surface when it entered the cadmium bath, might cause the 
formation of a film detrimental to sound adhesion. It was found 
that the difficulty could be overcome by cathodically polarising 
the specimen for a few seconds (e.g., 2-5 sec.) in a solution of 
sodium hydroxide or carbonate after the anodic acid treatment. 
Cadmium coatings consistently showing a uniform and high degree 
of adhesion were obtained with this modified cleaning procedure. 

It was possible, however, to obtain good adhesion by the method 
referred to in the paper, and, if the authors’ deposits were strongly 
adherent as plated, their failure by flaking during the test would 
appear to be attributable to the mechanical properties of the 
deposits; in the absence of information as to the extent to which 
these properties could be controlled, it would be legitimate to 
conclude that the authors’ results were applicable to cadmium 
coatings in general. 

Any further information which would help to elucidate the cause 
of the poor “ adhesion ’’ of the authors’ coatings would be a useful 
addition to the valuable information given in the paper. If there 
was any uncertainty about the cadmium coatings having been 
strongly adherent in the as-plated condition, the results of further 
tests with strongly adherent coatings would remove what, at present, 
seemed to be a serious doubt as to how far the results already given 
could be taken to be of general application to cadmium coatings. 


AUTHORS’ REPLY. 


Dr. H. J. Goues, in reply, said there was no need for Dr. Hat- 
field to worry about the constancy of the conditions of test, which 
were at least as constant as in static corrosion testing. That was 
easy, because they kept a constant head. 
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Dr. HATFIELD remarked that it was not the constancy which 
he referred to, but the capacity to compare them with other tests. 


Dr. GoueH, continuing, said that the actual figure, which he 
believed was given in a previous paper, was 0-8 c.c. per min. 

He did not want Dr. Hatfield to delude anyone into thinking 
that there was any real difference between the conditions of the 
authors’ tests and the conditions of service. In the case of every 
single fracture under corrosion-fatigue which was produced in the 
laboratory he could show two or three photographs of exactly 
similar fractures in service. 

Dr. Sutton had remarked that the reason for choosing a 3% 
salt solution was not that it was the ideal material; sea water 
would probably have been the best, but there were great difficulties 
in obtaining from anywhere, irrespective of expense, a supply which 
was constant, and therefore after consulting the experts they were 
assured that if they used a 3% salt spray they could be certain of 
having a constant spray, and it would probably produce very 
similar results. 

Dr. Sutton asked how the end-point was obtained for the mean 
stress curves. Although tests had not been made to see whether 
the apparent tensile strength would be reduced by prolonged 
loading, in the same way that Dr. Sutton and his collaborators did 
at Farnborough, Dr. Sutton’s results showed that there was so 
little difference between the ordinary tensile value and the prolonged 
loading value that there was no serious error. 

Dr. Dorey’s contribution they would deal with in detail later; 
it was very valuable. There was one point which he might mention 
at once, namely, the question of size effect. As far as he knew, 
size effect had not been studied to any serious extent in corrosion- 
fatigue. It had been studied in ordinary fatigue, not over a very 
wide range, but with samples from as small as ,*; in. in dia. up to 
3 in., and the answer came out quite unmistakably that where there 
was a size effect it was always to the disadvantage of the larger 
size. Whatever result was obtained on a }-in. specimen, if a 
different result was obtained on a 3-in. specimen it would be smaller, 
not larger. He agreed that size effect should be studied in con- 
nection with corrosion-fatigue, but, from the designer’s point of 
view, until that information was available he should take it that 
his large specimens would probably exhibit less resistance than his 
smal] specimens. 

It was interesting to hear from Mr. Burton the experience of 
Dr. Houdremont with regard to nitriding. The authors had not 
done any nitriding experiments themselves, but they had had a 
little experience at second hand. He had given an example in the 
Autumn Lecture in 1932.1. Though he would not say for a moment 
that nitriding gave complete protection, there was no doubt that 


1H. J. Gough, Journal of the Institute of Metals, 1932, No. 2, p. 17. 
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it did give very considerably increased resistance. He did not 
think that anyone could say that nitriding gave complete protection 
at the moment. 


In the absence of Dr. Gough from this country, Mr. Sopwirn 
wrote in reply to the discussion that he did not think they had 
emphasised the lack of a fatigue limit under corrosion-fatigue 
conditions to such an extent as to lead to a belief that all materials 
behaved similarly under those conditions. It would be seen from 
Table IX. that the stresses which would cause failure after 50 
million cycles in the case of the non-corroding steels mentioned 
by Dr. Hatfield were from 3 to 6 times as high as in the case of the 
carbon steel; this was in complete agreement with the practical 
observations quoted. Some examples of co-ordination of failures 
in service with the results of such tests as described in the paper 
were given by Dr. Dorey in his contribution to the discussion. 

He agreed with Dr. Sutton that it would have been interesting 
to have investigated the effect of compressive mean stresses. Such 
cases were infrequent in practice; there was, however, some evidence 
to show that by producing initial compressive stresses in the surface 
layers of material, the corrosion-fatigue resistance could be increased. 
Whilst a considerable amount of information was now available 
as to the changes of structure which occurred during the course 
of a fatigue test, he did not think that a definite answer to Dr. 
Sutton’s query was yet possible. 

Dr. Sutton’s suggestion that further types of corrosion-inhibiting 
film might be tried was interesting; however, as he pointed out, 
it had been shown that several established practical methods of 
protection gave good results under corrosion-fatigue. 

With regard to alternating torsion, he saw no reason to suppose 
that the coatings would prove less effective under such conditions 
than under alternating bending. 

He agreed with Dr. Dorey that, within limits of mean stress 
such as were likely to be encountered in practice, the corrosion- 
fatigue endurance range would be only very slightly below that 
for reversed stresses. Dr. Dorey’s examples of failures in practice 
gave further evidence of the co-ordination which could be effected 
between practical and laboratory results. 

Dr. Dorey stated that it was not possible in practice to obtain 
such good results with protective coatings as were found in the 
present investigation. This he attributed to the larger surface 
exposed; it was felt that another factor, in the case of piston-rods, 
was that the coating was applied to parts held in contact by bolting 
or screwing, and that in such cases failure of the’ coating might 
occur at the joints. 

There appeared to be some difference of opinion between Dr. 
Hudson and Mr. Hothersall as to the relative merits of cadmium 
and zinc coatings as a protection against corrosion. The cadmium 
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coatings had been applied in a manner which should have produced 
an adherent coating; opposite the spray, however, the coating 
on the broken specimens had apparently been washed away for a 
total length of up to } in. 

The authors were aware that artificial sea-water had been used 
in France and also in Germany and Austria for corrosion tests of 
various kinds. The reasons for the adoption of a solution of sodium 
chloride had, however, been stated by Dr. Sutton. 

Mr. Turner had referred to the effect of the thickness of coatings ; 
whilst some of the thickest coatings (galvanising and aluminium 
spray plus enamel, 0-002 in.) gave extremely good results, so also 
did sherardising (0-0005 in.), whilst aluminium spraying (0-002 in.) 
gave distinctly less protection. So far as he was aware, no data 
as to the effect of sand-blasting on fatigue resistance were available. 
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SEVENTH REPORT ON THE HETERO- 
GENEITY OF STEEL INGOTS. 


By a JOINT COMMITTEE orf THE Iron AND STEEL INSTITUTE AND 
THE BritisH IRON AND STEEL FEDERATION. 


This Report is published as Special Report No. 16; it was presented at 
the Annual General Meeting of the Iron and Steel Institute held in London 
on April 29, 1937. The discussion, correspondence and Committee’s reply 
follow the summary below. 


SUMMARY. 


Tats Report is divided into seven Sections. The first is intro- 
ductory in character, but also contains a review of knowledge extant 
on the freezing of killed steel ingots. 

In Section II. Dr. Swinden presents the results of the study of 
the variation of composition, from the outside to the centre, in a 
billet and in an ingot of rimming steel. The local contents of the 
elements are plotted in curves alongside the sulphur prints of the 
sections examined, so that the composition changes can be readily 
compared with variations in the sulphur prints. The differing 
variations of the manganese and sulphur contents indicate that 
these two elements do not segregate together as manganese sulphide. 

In Section I1[4. Mr. Whiteley describes his microscopic investiga- 
tion of the characteristics of the inclusions in a series of bath samples 
drawn during the working of an electric-furnace heat, to determine 
the oxygen content of the bath under the changing conditions of 
working. After indicating the types of inclusions observed 
(sulphides, silica and silicates, iron oxide, and slag), he explains 
his inclusion count method, and sets out his observations made on 
unkilled and on aluminium-killed specimens. He then refers to 
foreign inclusions and a segregation effect seen in some of the 
specimens, and concludes with a note on sulphide inclusions. It 
appears that sulphur in ordinary steels solidifies as iron sulphide, 
which changes later to manganese sulphide in the solid steel; this 
has an important bearing on the segregation phenomena associated 
with manganese and sulphur. 

In Section IIIs. Dr. Raine and Mr. Vickers give the results of 
oxygen determinations, made by both the alcoholic iodine and the 
vacuum fusion methods, on the various samples studied by Mr. 
Whiteley. Their results are in substantial agreement with 
Mr. Whiteley’s conclusions. 

The Oxygen Sub-Committee present their first report in 
Section IV. Much work has been published in the past on the 
determination of oxygen in steel, but its value has always been 
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seriously limited by the possibility of large errors in the methods 
employed. The Sub-Committee, therefore, had as their first object 
the complete examination and correlation of all practicable methods 
of oxygen determination. Three variants of the vacuum fusion 
method are described by Mr. Stevenson and Mr. Speight, by Mr. 
Sloman, and by Dr. Raine and Mr. Vickers, the alcoholic iodine method 
is explained by Mr. Rooney, Mr. Stevenson and Dr. Raine, and the 
chlorine method is set out by Mr. Colbeck, Mr. Craven and Mr. 
Murray, minute details being given, and a commentary on the 
advantages and limitations of the three methods is appended. 
The Sub-Committee feel that, though much further research still 
remains to be done, the determination of oxygen in steel can now 
be undertaken with reasonable satisfaction. 

Section V. contains the results of some further experiments on 
the influence of gases on the solidification of ingots, carried out by 
Dr. Swinden and Mr. Stevenson. LEarlier work had shown that the 
effects of passing hydrogen and nitrogen through molten steel on 
its solidification were fundamentally different. In the present 
work, argon was used; it is concluded that the solubility of argon 
in steel is negligible, and that the action of both argon and nitrogen, 
in removing the unsoundness caused by the previous passage of 
hydrogen through the metal, is a physical and not a chemical effect. 
Further experiments on the influence of moisture show that it tends 
to cause unsoundness in circumstances in which dry gas (argon or 
air) would not do so. 

Section VI. constitutes the first report of the Ingot Moulds 
Sub-Committee. Part A is introductory, and sets out the circum- 
stances leading up to the formation of the Sub-Committee, its 
constitution and terms of reference. In Part B the factors which 
influence the life of an ingot mould are enumerated, whilst the 
determination of the relative importance of these factors, by prac- 
tical works experiments and by the examination of individual works 
records, is dealt with in Part C. In Part D a large number of data 
concerning the design, manufacture and use of ingot moulds are 
correlated. Part E, by Mr. Pearce, is concerned with the failure 
of moulds for steel ingots; the author discusses major cracking and 
crazing (minor cracking), the influence of composition and of 
structure, homogeneity and uniformity, and concludes with a note 
on a new structure for cast-iron ingot moulds. Part F consists of a 
bibliography on the design, manufacture, properties and use of 
ingot moulds for steel ingots. 

The Liquid Steel Temperature Sub-Committee, who are con- 
ducting researches with the object of devising means of measuring 
accurately the temperature of molten steel in the furnace or ladle, 
present their report in Section VII. Since their last report they 
have been engaged on the following programme of work: (1) The 
development of a thermocouple suitable for taking readings directly 
in the furnace or ladle, which was subdivided into two main items, 
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(a) the testing out of the possibilities of the Fitterer silicon-carbide/ 
graphite thermocouple, and (b) the investigation of the use of 
a platinum/platinum-rhodium or similar couple in a “ quick- 
immersion” method; (2) the examination of a method using 
samples of alloys of known melting point in the form of wires, 
immersed in the molten steel for a very short time; and (3) the 
investigation of the use of the optical pyrometer sighted upon a 
target, previously dipped into the steel, or through a prism into a 
tube immersed in the metal. The results of work on item (la) are 
described in the first part of this Section, whilst Dr. Schofield gives 
an account of his researches under items (1b), (2) and (3) in the 
remainder. In an appendix Mr. Stott describes the production 
of tubes to be plunged into molten steel at 1650° C. 


DISCUSSION. 


Sir Wiritram Larke, K.B.E. (Vice-President, Director of the 
British Lron and Steel Federation), said that as one who had perhaps 
some measure of economic responsibility to the industry in relation 
to the Iron and Steel Industrial Research Council, and in that 
respect provided something of a liaison between the Research 
Committees and the industry, he would like to commend the Report 
very cordially to the industry and to express the hope that those 
engaged in the technological practice to which the Report referred 
would give it full and critical consideration and contribute to the 
discussion, thereby not only giving to the Committee the encourage- 
ment which their monumental and remarkable work deserved, but 
also paying them the compliment of giving them constructive 
criticism indicating the further directions in which their work 
might proceed. 

The Committee were really a remarkable organisation. They 
were a team of the best and most experienced and highly qualified 
men, dealing with different sections of fundamental research as 
applicable to the production of steel, that had ever been brought 
together, and they worked under the enthusiastic leadership of 
their Chairman, Dr. Hatfield, to whose inspiration a great deal of 
their success was due. Knowing Dr. Hatfield’s enthusiasm, he had 
been a little surprised to hear him even suggest that although the 
Committee had been formed in 1924, and this was their seventh 
Report, they had not yet reached finality. Personally, as an indus- 
trialist who was always saying to his research friends “ It is about 
time you considered whether you have reached finality, having 
regard to the expenditure,’ and so forth, he would like to say that 
this was one investigation in which he never expected finality to be 
reached. Each Report opened up a new horizon and gave to the 
Committee a new starting point with a new series of problems. 
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Professor F. KOrBeEr (Diisseldorf) said he had studied this exten- 
sive Report with great interest. Like the Committee’s earlier Reports, 
it contained an abundance of valuable work, and he was compelled 
to express to the Committee the great admiration felt by himself 
and by his German colleagues for the comprehensive and clearly 
elucidated work carried out in this very important but also very 
difficult field. 

With regard to Sections II. and I[14., Dr. Swinden, by his excep- 
tionally valuable investigations, had greatly added to the knowledge 
of the segregation conditions in rimmed steel, and in particular had 
worked out some noteworthy details of those processes by means 
of his minute method of testing. Of special interest was the 
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Fic. A.—The Influence of Sulphur on the Reducing Action of Manganiferous 
Iron on Solid Silica. 


observation that manganese and sulphur did not segregate together. 
This fact, even if not stated so positively, was also found in the 
majority of works available in the literature on the segregation of 
steel. In that connection he would only refer to a paper by 
P. Bardenheuer and C. H. Miiller,! in which the older information, 
already given in the literature, was also contained. However, it 
must be emphasised that the apparently slight concentration 
change of the manganese, 0-07%, in the region of the rim-core 
transition zone, seen in Fig. 4 of Dr. Swinden’s paper, as compared 
with that of sulphur of -+ 0-04%, corresponded approximately to 
the stochiometrical ratio of manganese sulphide. 

In this connection, it appeared important to refer to some results 
of the research work which he himself had carried out with Dr. 
Oelsen at the Kaiser-Wilhelm-Institut fiir Eisenforschung. These 


1 Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1929, 
vol. 11, pp. 255-277. 
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investigations provided an explanation of the behaviour of man- 
ganese as opposed to the metalloids, oxygen, sulphur, phosphorus 
and carbon dissolved in the iron. They led to the important 
observation that the metalloids dissolved in the liquid manganiferous 
iron were predominantly combined with the iron, and only to a 
very small extent with the manganese. The experimental proof 
could be very easily carried out by allowing the manganiferous 
iron, in the presence of one of the metalloids, to exert a reducing 
action on an oxide. In Fig. A were given the test results for the 
reducing effect of manganese on solid silica at 1600°. The curve 
indicated the silicon contents which were reduced from the silica by 
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Fic. B.—The Desulphurising Action of Manganese, 


low-sulphur iron melts; the experimental points shown corre- 
sponded to the reducing effect of melts with high sulphur contents. 
The efficiency of manganese as a reducing medium was therefore 
not diminished by the sulphur contents, which were partly much 
higher than would be necessary for the complete combination of 
the manganese as MnS. 

The further determinations related to the desulphurising and 
deoxidising effect of manganese. Substantially, they showed that 
this effect was exceedingly slight in liquid steel with the usual 
manganese contents. In Fig. B the sulphur contents were shown 
which at 1600°C. were stable with the manganese before the 
separation of sulphide-rich slags could occur (the top wide band).! 


1 Cf. F. Kérber, Stahl und Lisen, 1934, vol. 54, pp. 535-543. 
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If these very high contents were compared with the very small 
sulphur contents of commercial steels, it would readily be seen 
that separation of sulphides could take place even in the presence of 
manganese only if the main part of the iron had already solidified ; 
only then could the high sulphur contents, which were necessary 
for the separation of the sulphides, be reached in the rest of the 
melt. Also, the manganese silicates, which originated through 
deoxidation with manganese and silicon, only took up very slight 
amounts of sulphide from the iron melt, as shown by the lower 
curves in Fig. B. In a melt containing 10% of manganese, a 
separating manganese silicate droplet could take up only 5-5% of 
sulphide when the melt contained about 0-75°% of sulphur—which 
was twenty times more than the sulphur content of commercial 
steels. In these, therefore, the separation of the sulphides from the 
last of the melt was effected after the main mass of metal had already 
crystallised and the oxides had also separated. 

The composition, and therewith the state of aggregation of the 
separated sulphides, depended upon how the enrichment of the 
manganese by the sulphur was effected in the last part of the melt 
to freeze. Manganese could be taken up in solid solution by the 
iron dendrites at high temperatures and therefore at the start of 
solidification, but iron sulphide, on the contrary, could not. It 
was therefore understandable that the enrichment of the sulphur 
in the remaining melt was relatively very much higher than that 
of the manganese. That was clearly shown by Fig. 85 of Mr. 
Whiteley’s paper. However, if the sulphur and manganese in the 
remaining melt had once reached the high contents necessary for 
the separation of the sulphides, then solid sulphides, rich in 
manganese sulphide, separated out, but these then remained at 
the point of separation, since only the liquid portion could be 
displaced. That was a further cause of the fact that the segregation 
of the manganese must lag behind that of the sulphur. Whiteley 
drew the interesting conclusion, from the instructive microsections 
in his paper, that sulphur in normal steels separated as solid iron 
sulphide, and this was transformed into manganese sulphide only 
in the solid state. This conclusion, according to observations made 
in Germany, should be restricted in the sense that even when 
sufficient manganese for the formation of manganese sulphide was 
present in the steel a separation of FeS could occur, because the 
reactions during solidification and cooling did not go to completion. 
Whiteley’s tests on the effect of heating time and temperature on 
FeS inclusions (Table VII.) could not be considered as conclusive 
proof of a reaction in the solid state, since the pure FeS was still 
solid at 1000° to 1150° C., whereas in the presence of+iron it melted 
as a eutectic at 970°. However, the observations applied to the 
reaction of the remaining melt rich in iron sulphide with the 
manganese of the primarily separated iron crystals. Those tests, 
therefore, showed how complicated were the processes during the 
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complete solidification of an iron melt containing sulphur and 
manganese, and how low were the temperatures at which the 
remaining melt could still react. All that had its primary cause in 
the fact, confirmed by Figs? A and B, that in the iron melt, iron 
uy 
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Fic, C.—The Deoxidising Action of Manganese, 


sulphide and manganese up to very high contents were mutually 
stable without reacting together. 

The conditions were very similar during deoxidation with 
manganese, and the corresponding relations were reproduced in 
Fig. C.1_ The bottom curve E’Q’M’R’ gave the oxygen contents 

1 F. Koérber and W. Oelsen, Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1932, vol. 14, pp. 181-204. F, Kérber, Stahl und Eisen, 
1932, vol. 52, pp. 133-144. 
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which were still stable with the manganese at the temperature of 
solidification without the separation of products of deoxidation. 
Only with higher oxygen contents could ferrous-oxide/manganese- 
oxide mixtures be separated, i.e., in the range between the two 
curves Q’S’ and Q’R’ as solid solutions (dendrites), and in the range 
above E’Q’S’ as liquid droplets. The oxygen contents of com- 
mercial steels, which were only deoxidised with manganese, were 
all, even in the basic Bessemer process, far below the limiting 
curve E’Q’M'R’, and therefore the separation of the oxides and 
therewith the deoxidising effect proper of the manganese could only 
set in after the iron melt had started to crystallise and the manganese 
and oxygen values in the remaining melt had been increased to this 
limiting curve. Reference must be made to the original work, 
however, for further details, of which especially the recent investi- 
gations of the Kaiser-Wilhelm-Institut fiir Eisenforschung on the 
combined effect of manganese and silicon as deoxidation reagents 
were to be particularly emphasised.! 

The results of their investigations on the equilibria which con- 
trolled deoxidation and the reactions of sulphur clearly pointed, 
therefore, to the importance of the processes occurring during 
cooling and solidification. It was accordingly very gratifying that 
the investigations of Dr. Swinden and Mr. Whiteley into those 
important but also very complicated questions had produced such 
excellent results, 

With regard to Section IV. (A), the work of the Oxygen Sub- 
Committee was a clear example of how the solution of such difficult 
analytical problems as the determination of oxygen in steel could 
be promoted by co-operative research. By thus working together 
it was possible, in the investigation into the determination of oxygen 
by the hot extraction process, to include three different types of 
furnaces, two high-frequency furnaces and one carbon-resistance 
furnace. This was important, because in recent years, in work on 
the determination of oxygen by hot extraction, the question of the 
influence on the results of the metal deposits formed played a great 
part. The results concerning the content of manganese beyond 
which the results were affected were found to differ widely, so that 
it soon became certain that the various working conditions, 
especially the speed of evacuation and the formation of the man- 
ganese deposit, had a definite influence on the results obtained. 

In order to be clear about the functioning of the manganese 
deposit when determining the oxygen, tests were carried out in the 
speaker’s Institute by G. Thanheiser and R. Paulus,? which showed 
that the manganese deposit could take up carbon monoxide even at 

1 F. Korber and W. Oelsen, Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1933, vol. 15, pp. 271-309; 1934, vol. 17, pp. 39-61; 
1936, vol. 18, pp. 109-130. F. Kérber, Stahl und Eisen, 1934, vol. 54, pp. 

35-543; 1936, vol. 56, pp. 433-444. 

2 Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung; to 

appear shortly. 
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low pressures. The carbon monoxide, however, was given off again 
from the deposit upon heating to higher temperatures. Extensive 
cooling of the manganese deposit was not capable of suppressing 
completely the absorption of carbon monoxide. Those “ static ”’ 
tests were not intended to indicate the, position of the equilibrium, 
but to give information as to the direction taken by the process. 
The results of those static tests suggested that it was more advan- 
tageous not to cool the manganese coating too considerably. In 
spite of the high rate of evacuation—i.e., definitely ‘‘ dynamic ” 
conditions—the influence of this cooling could invariably be observed 
in the same direction. The use of a graphite container, as described 
by G. Thanheiser? at the Autumn Meeting of the Iron and Steel 
Institute last year in Diisseldorf, made it possible to cause the 
manganese deposit to form completely in the container. On 
subsequently heating the container the greater part of the carbon 
monoxide taken up by the manganese was given off again. This 
method was found particularly useful in his Institute for the 
determination of the manganese content below which the oxygen 
estimation, under the conditions obtaining there, was not influenced, 
and was used for testing steels highly alloyed with manganese 
(> 10% of manganese). 

From these results and from those given by the authors, the 
conclusion could be drawn that the formation of the manganese 
deposit was different in the various apparatus, and therefore also 
the influence of manganese on the oxygen determination was 
variable. This uncertainty, however, could readily be overcome 
by determining for each apparatus the manganese concentration 
up to which the determination could be carried out without error. 

The authors’ test results showed that the agreement of the 
oxygen values obtained by the hot extraction process was good. 
This process had now been so far developed that its accuracy 
approximated to that of routine analysis. This result was also 
confirmed by comparative oxygen determinations made at his 
Institute and elsewhere. 

The good agreement between the nitrogen contents determined 
by hot extraction and also chemically was noteworthy. Tests 
carried out in his Institute likewise gave good agreement when 
errors in the gas analysis, such as impure oxygen or combustion of 
part of the nitrogen in the explosion pipette, were avoided. The 
proof that exact nitrogen values could be determined by hot extrac- 
tion was therefore of special significance, since the nitrogen was 
always reported by difference. If, accordingly, the nitrogen content 
was accurately determined, this could be taken as evidence that the 
analysis of the gas mixture had been carried out faultlessly; hence, 
the accurate determination of the hydrogen by the hot extraction 
process was also made possible. The hot extraction process had 
thus reached such a standing at the present day that it could be 


1 Journal of the Iron and Steel Institute, 1936, No. II., pp. 359-381. 
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used for determining the oxygen, hydrogen and nitrogen; it had 
thus become a valuable aid both for metallurgical research and also 
for works use. 

With regard to Section V., from their own researches and 
theories, he could confirm the final conclusions drawn in the short 
but very clear paper by Dr. Swinden and Mr. Stevenson on some 
further experiments on gases in iron and steel and their effect on 
the solidification of the ingots. He would like to enlarge on a few 


points. 
The authors had already shown in the Sixth Report that by 
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Fic. D.—The Removal of Gas from Water containing Carbon Dioxide. 


passing nitrogen through the liquid steel the hydrogen dissolved 
therein was driven out, so that sound ingots were obtained upon 
solidification. In the present work the nitrogen had been replaced 
by argon, which likewise did not give rise to unsound ingots, and a 
corresponding result had been obtained. These tests were con- 
cerned with the same process as those with which the furnaceman 
had to deal during the “ boil”’ in steelmaking. The carbon mon- 
oxide bubbles rising up during the boil carried other dissolved gases 
out of the bath. , 

P. Bardenheuer ! had demonstrated this process in the simple 
example shown in Fig. D. For half an hour carbon dioxide was 


1 Stahl und Eisen, 1933, vol. 53, pp. 488-496, Fig. 5 
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bubbled through two similar vessels filled with distilled water. 
Then air, free from carbon dioxide, was passed through the water 
in one vessel; the second vessel was left undisturbed in the open 
air. A test was made on each every ten minutes, and the carbon 
dioxide contents were determined. As the shape of the curve 
showed, the air blown through in one hour gradually removed the 
carbon dioxide from the water, whilst the carbon dioxide content 
of the water in the second vessel remained unchanged during this 
time. The effect demonstrated by Dr. Swinden, of blowing nitrogen 
and argon through iron melts containing gas, was made clear by 
means of that simple test. 

The effect of the gases produced upon the boil in the steel bath, 
thus demonstrated, could be observed in another special case, 
relating to nitrogen. In a duplex melt—basic-Bessemer-converter/ 
open-hearth-furnace—the nitrogen content, which was over 0-01% 
upon pouring in the open-hearth furnace, dropped in less than one 
hour after the start of the powerful boil to about a half, and was 
thus already near to the usual contents for open-hearth steels. 

The questions with which he had dealt by no means exhausted 
all the points of interest to the steelworker which were contained in 
the valuable Report which had been presented. However, he hoped 
to have shown that metallurgists in Germany were very much 
occupied with the same problems, and he would, therefore, like to 
express once more their great appreciation of the Committee’s 
careful work on those problems. 


Professor C. BeNnEpicKs (Hon. Vice-President, Stockholm) said 
he had a very great admiration for the preceding six Reports of 
the Committee, and also admired the imposing Seventh Report. 
There was a fundamental question, well described in the beginning 
of the Report, which he would like to discuss. He referred to what 
was said on p. 12 with regard to what had been called the sedimentary 
cone. 

It was known that in the lower part of an ingot there was a 
zone of remarkably pure iron, characterised frequently by the 
occurrence of silicate inclusions, and the question had been asked 
what was the physical cause of the appearance of that pure zone. 
The theory was advanced at a comparatively early stage that that 
pure zone was due to the sedimentation of solid iron crystals which 
might be formed on silicate particles. At that time that was merely 
an assumption, as nothing was known with certainty with regard 
to the specific gravity of solid pure iron in comparison with that of 
the molten iron. He thought, however, that it had been put beyond 
doubt by Mr. G. Ericson,! in Stockholm, that there was a definite 
increase in the specific gravity of pure iron when solidifying, and 
hence that sedimentation theory was quite a possible one. Thus, 


1 Iron and Steel Institute, Carnegie Scholarship Memoirs, 1934, vol. 23, 
pp. 13-45. 
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as pointed out on p. 12 of the Report, it was quite reasonable that 
iron crystallised on a silicate inclusion, and that, in spite of the 
silicate inclusion in itself being lighter than the molten metal, the 
whole particle might sink down. 

It was pointed out, nevertheless, that the help of silicate inclu- 
sions as nuclei was by no means necessary for solid crystals to be 
formed, and he thought that was perfectly correct. The difficult 
thing, however, had been to explain the occurrence of a great 
number of silicate inclusions in this part of the ingot in spite of its 
purity, and that was accounted for on that assumption. It was 
quite true that there was no necessity for silicate inclusions to occur, 
of any size at least, hence it was possible that the sedimentation 
would occur even in the absence of silicate inclusions, but that was 
no objection to the theory. 

It was then pointed out in the Report that the sedimentation 
velocity of the iron crystallites, with silica or without silica, would 
be so extremely small, considering the high viscosity and low 
temperature, that there would be no sensible sedimentation. Now, 
this might be quite true, if the whole mass of liquid was to be con- 
sidered as being stationary. This, however, was not possible; the 
liquid was necessarily subjected to cooling at the inner side of the 
columnar layer, and hence to an increase in specific gravity there. 
This must cause a downward current in the periphery of the liquid 
(with an upward current in the centre). It was obviously in the 
falling liquid metal that the smail iron crystals were found, and 
even if their rate of sinking relative to the liquid was extremely 
small, this could not prevent them from following the downward 
current down to the lowest part of the ingot, where they adhered, 
whereas the upward, central current must contain considerably less 
iron crystals. The zone where the small iron crystals were thus 
accumulated was necessarily of conical shape (on acount of the 
solidification proceeding). As far as he could see, therefore, the 
known facts were in good agreement with the sedimentation theory. 
It was necessary, however, to bear in mind that the result of sedi- 
mentation might be much facilitated by the circulation of the liquid, 
which had not been pointed out earlier. 


Dr. E. HoupREmont (Essen), referring to Section IV., said that 
the importance of the determination of oxygen, hydrogen, and 
nitrogen had been recognised and taken into account more and 
more in recent years. 

For determining the total oxygen, the vacuum fusion process 
had proved the most suitable according to the experience of his 
company. ‘The results determined by this process always gave the 
best agreement. Also, in the comparative oxygen determinations 
suggested by the United States Bureau of Standards and carried 
out by 34 important laboratories in eight different countries, the 
vacuum fusion process had been proved without doubt to be the 
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best. With the new type of furnace developed by the Kaiser- 
Wilhelm-Institut fiir Kisenforschung in Diisseldorf, even with 
steels which contained manganese and aluminium and which for 
reasons already known gave too-low results, faultless oxygen 
determinations could be carried out. 

Since, from the determination of total oxygen only limited 
information could be obtained, it was unquestionably of great 
importance to be able to determine the various non-metallic com- 
pounds separately from each other, so those processes which offered 
this possibility had recently been further developed. The chlorine 
volatilisation process, decomposition with alcoholic iodine solution 
and Herty’s hydrochloric acid process had led to really serviceable 
results for many purposes. Besides these processes, in recent years 
especially, the electrolytic residue process also had often been 
carried out, especially by Fitterer, by Scott, as well as by Benedicks 
and Treje. 

For some years past the chemical laboratories of Fried. Krupp 
A.G. of Essen—mention must be made of the chief engineer of the 
Chemical Research Department, Dr. Klinger, and his co-workers 
—had been closely engaged on the electrolytic isolation and deter- 
mination of residues and had obtained good results. The object 
of these investigations was the determination of the total com- 
pounds of oxygen and sulphur in steel—that was, the determination 
of ferrous oxide, manganous oxide, silica, alumina, iron sulphide 
and manganese sulphide. In the first place they had restricted 
themselves to unalloyed straight carbon steels with any desired 
content of carbon, silicon, manganese, phosphorus, and sulphur. 

Regarding the manner of operation of the process, which would 
be dealt with in detail in a forthcoming issue of Technische M itteil- 
ungen Krupp, the following remarks might briefly be made : 

For isolating the residues, the electrolytes suggested by R. Treje 
and C. Benedicks, on the basis of their considerations on the separa- 
tion potentials of oxygen and hydrogen, were used—that was, a 
5-10% copper bromide solution at the cathode, and a 0-1N 
potassium bromide solution containing 15% of sodium citrate 
at the anode. To the latter solution a little potassium iodide 
solution was added in some cases. The apparatus worked without 
collodion bags and allowed the electrolysis to be carried out with a 
continuous flow of fresh electrolyte on the anode under a current of 
nitrogen, whereby the pH value of the solution remained constant 
at 7 + 0-2. The amount of iron dissolved was theoretically accurate. 
Secondary reactions no longer occurred at the anode. 

After isolation, the residue was divided into two parts without 
drying. The manganese oxide was extracted from one part with 
glycocoll solution, and then in the residue the iron sulphide and 
manganese sulphide could be determined. The second part was 
treated with copper bromide solution, whereby all constituents 
except the iron oxide, silica and alumina were decomposed. The 
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iron oxide was dissolved out of the residue with acid. In the 
combined residues from the first and second parts, silica and alumina, 
as well as the iron oxide and manganese oxide that might be 
combined therewith, were determined. 

All determinations were carried out by microchemical processes, 
whereby amounts up to a few millionths of a gramme could be 
accurately determined. For this the photometric microprocesses 
were used, which had been so elaborated that they could be used 
for analysing the residues. The extinction (polarisation photo- 
meter ‘“‘ Polaphot ” of Messrs. Carl Zeiss, Jena) was measured, 
and the contents were always determined graphically from the 
concentration-extinction diagrams. These microprocesses would 
be described in detail shortly in the same publication. 

The values obtained in this manner could be reproduced in 
repeated tests on the same material, as could be seen from the 
figures given in Table A. The steels in tests 4, 5 and 7 were taken 
from the great co-operative investigation of the United States 
Bureau of Standards. 


TABLE A.—Analyses of the Residues. ° 
































Actual Analysis. Calculated Analysis. 
oy | | ar oe ~~ ua af ‘i b . 
Oo. 2° ) 
SiO, | ALO, | Feo | M0. | Fes, | Mas, |—— 
%. %- %. %o« } %- %- | BK Tots | 
Fea hee | |__| refit, | Toms 
4 | 0-010 | 0-0022 | 0-031 | 0-009 | 0-032 | 0-022 | 0-009 | 0-015 | 
0-011 | 0-0017 | ...* | 0-013 | 0-038 | 0-021 | 0-009 | 0-016 
| 1 =e = | ewe eo <-> aa 12 
5 | 0-019 | 0-0003 | 0-038 | 0-008 | 0-056 | 0-031 | 0-010 | 0-020 
J ve # | 0-0004 | 0-032 | 0-007 | 0-033 | 0-028 | 0-009 | 0-019 | 
7 | 0-007 | 0-0005 | 0:31 | 0-0021 | 0-019 | 0-022 | 0-070 | 0-074 | 
0-006 | 0:0008 | 0-35 | 0-0026 | 0-026 | 0-020 | 0-079 | 0-083 








* Analysis spoilt. For the calculation, results of the parallel deter- 
mination were used. By these processes it would be possible to study 
further problems. 


So much for the determination of oxygen. There were many 
other interesting points in the Report, and Professor Kérber had 
given information on research work done in Germany on different 
subjects, so that he (the speaker) would confine himself to con- 
gratulating the Committee on their fine Report and wonderful 
collaboration. He and his colleagues had obtained personally a 
lot of experience on the influence of heat treatment-on the metallo- 
graphic behaviour of sulphides. Changes could occur owing to heat 
treatment, as had been shown in the papers published by Niedenthal 
and Bennek. Further work remained to be done in collabora- 
tion between metallographic and chemical laboratories. On the 
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problems of ghost-lines and flakes, he wondered if flakes were 
encountered in England; in Germany they had done a lot of 
research in that direction also, and he hoped to be able to present 
a paper on this subject to the Iron and Steel Institute in the near 
future. 

Regarding the life of ingot moulds, they found, by careful 
examination of analyses of the iron used, of the cupola melting 
method, and of the amount of combined carbon in the cast iron, 
and by proper handling of the moulds in the steel plant, that it 
was possible to improve the life by 50% and more. 


Dr. Orro PETERSEN (Diisseldorf) said that, like Sir William 
Larke, he regarded the Report as a splendid example of the result 
of team-work, and he congratulated Dr. Hatfield and his colleagues 
on what they had achieved. He hoped that similar work would be 
done in Germany in the future. 


Dr. W. Routanp (Krefeld) said that the Report was undoubtedly 
of great value, and it was very valuable to German steelmakers to 
see how research was carried out in Britain. He hoped it would 
be possible for metallurgists in Germany and in England to work 
together in the future. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield; Chair- 
man of the Committee on the Heterogeneity of Steel Ingots), inter- 
vened to mention two points. He would not like the impression to 
be gained from his opening remarks, he said, that very substantial 
progress in the technology of ingot production had not already 
resulted from the work of the Committee. It was an established 
fact that in English steelworks, and particularly with regard to the 
making of ingots from killed steel, the work which the Committee 
had carried out in collaboration had had a very material effect 
upon production. He thought it was only fair to say that, so that 
he would not be regarded as depreciating the tout ensemble of the 
effort. 

The other point that he wished to mention was that it would 
appear that the question of iron-sulphide/manganese-sulphide, 
brought forward by Mr. Whiteley and commented on by Dr. Korber, 
might indeed prove a really fundamental point in regard to hetero- 
geneity. It might be found that the sulphides were acting as 
“carriers ’ of other elements and compounds in promoting hetero- 
geneity. He thought that a very sound explanation of a good 
deal of the segregation experienced would shortly be obtained. 
He was in danger, however, of making some comments which had 
only just been made in private in the Committee, and he must leave 
that until the next Report. 


Dr. A. L. Norsury (Birmingham) said the contribution which he 
had to make related to Mr. Whiteley’s paper, and more particularly 
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to that part of it which dealt with the formation of manganese 
sulphide and iron sulphide in steels of different manganese and 
sulphur contents. Mr. Whiteley’s results were summarised on 
p. 45 of the Report, and in Fig. 84 on that page he plotted the 
percentage of MnS found against the Mn/S ratio. Personally, he 
thought that it should not be plotted against the Mn/S ratio, but 
against the percentage of manganese present in excess of that 
which was theoretically required to form manganese sulphide with 
whatever sulphur was present. If the results given by Mr. Whiteley 
in Table VI. were plotted in that way (see Fig. E), it would be seen 
that they agreed very much better with that method of plotting ; 





,~ 7 Te 
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Mn, %.in excess of MnS quota 
Fic. E.—Ratio of MnS to Manganese in Excess of MnS Quota calculated from 

data in Table VI. A straight line drawn fairly through the experimental 
points cuts the horizontal axis at about 0-01% of manganese. This 
would agree with the finding in Table XI., p. 59, that about 0-01% of 
manganese is, on the average, present as MnO. 








actually, the average error of the distance of the points from a 
straight line was about halved, and the result was obtained that 
100% MnS was formed when there was about 0-4°% of manganese 
present in excess of what was required to form MnS. That agreed 
very well with the figure of 0-3°/, manganese in excess which he 
(the speaker) had found for cast iron.? 

In the case of cast iron, this same question of the excess of 
manganese in relation to the sulphur present was also very im- 
portant. It had a considerable effect on the depth of chill, the 
combined carbon, the hardness and almost all the properties. The 
above figure of 03% of manganese in excess was arrived at by 
finding that if there were, say, 0-02°%, of sulphur present in cast iron, 
it required about 0-4°% of manganese present to neutralise it—that 


1 Norbury, Proceedings of the Institute of British Foundrymen, 1928-29, 
vol, 22, pp. 151-176: Foundry Trade Journal, 1929, vol. 41, Aug. 1, pp. 
79-83. 
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was to say, to form 100% MnS—but that if there were 0-2% of 
sulphur present in cast iron it did not require the same ratio—viz., 
20 times the sulphur, which would be 4% of manganese—to neutral- 
ise it, but onky 0-7°4—that was to say, it required about 0-3°% of 
manganese in excess of the MnS quota. It was therefore not the 
ratio of the manganese to the sulphur which was the determining 
factor, but the amount of manganese which was present in excess 
of that required to form MnS. Mr. Whiteley’s results, as plotted 
in Fig. E, showed that in order to form 100° MnS, a figure of about 
0-4% of manganese in excess was required for steel. This was a 
little more than the 0-3% required for cast iron, and would agree 
with his important finding that a greater amount of manganese 
was required at high temperatures than at low temperatures; this 
would also explain the fact that in the case of blackheart malleable 
iron, annealed at about 950° C., a still smaller amount of man- 
ganese, about 0-1% in excess, was required to neutralise the sulphur. 

The other part of Mr. Whiteley’s paper, on the identification of 
the silicate and alumina inclusions, was also extremely valuable 
and helpful, and with regard to it there was one point which he 
would like to make in conclusion. On p. 32 of the Report, Mr. 
Whiteley calculated the number of inclusions in a cubic inch of 
steel No. 14 to be 3} millions. If it were correct that the inclusions 
had some relation to the grain size of the steel, it might be expected 
that this figure would have some relation to the number of grains 
in a cubic inch of the steel. Actually the number of grains in a 
cubic inch of No. 1 grain steel worked out at “up to 2 million” 
and in a No. 2 grain size at ‘“‘ between 2 and 5 million”’; this was 
the same figure that Mr. Whiteley found for the number of inclusions 
present in the steel in question, which would be expected to have 
about this grain size. In the aluminium-killed steels, Mr. Whiteley 
found a much larger number of inclusions, and such steels would 
contain a much larger number of grains. 


Dr. W. H. Harrietp, F.R.S. (Vice-President, Sheffield), referring 
to Section VI., said that he would like to ask Mr. Myers a question. 
It was clear, of course, to those engaged in ingot production that 
an ingot mould was scrapped and thrown on one side at a given 
moment for a definite reason. If one were making rimming steel 
and mild-steel ingots one had a certain standard; if one were 
making alloy steel ingots—the surfaces of which, as was well known, 
were very susceptible—one must have another standard. He would 
like to ask whether the Sub-Committee had arbitrarily laid down 
any classification of the standard conditions which caused the 
mould to be scrapped in either case, t.e., what was their standard 
which terminated the life of a mould for mild steel as against alloy 
steel. He asked that question for the elucidation of the matter 
from the standpoint of those engaged in the works. 

Speaking for the Ingot Committee, he would like to say that he 
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and Dr. Swinden and the other members were very proud of the 
Sub-Committee on whose work Mr. Myers had reported, and thought 
that it was doing very fine constructive work which ought to have 
immediate practical results. For instance, it came out very clearly 
that the time of stripping subsequent to the casting of the ingot 
had a profound effect on the life of the mould, and therefore on the 
cost of the mould per ton of steel, and there were many other 
facts which could be ascertained from the very interesting report 
which the Sub-Committee had presented. 


Mr. T. F. Russett (Sheffield) said he thought, when he saw all 
the data given in Section VI., that here was an excellent chance to 
see whether anything could be deduced from them. He had 
“ examined the data very carefully, but the number of really definite 
conclusions which could be drawn was very small indeed. There 
was one striking point which to his mind had not been dealt with 
sufficiently by the Sub-Committee. They had mentioned the 
number of ways—e.g., modifying the phosphorus content of the 
mould iron—whereby the life of the mould might be increased by 
a few casts, but what they did not sufficiently emphasise was that 
with moulds of identically the same pattern and probably of the 
same composition, but made by two different makers, the life of 
the moulds might vary by as much as 33%. Several examples of 
such a variation were given in the Tables. Several instances were 
also mentioned of moulds being scrapped because there were cavities 
below the lugs. It was all a question of foundry technique, and 
perhaps to some extent design, and in high-class mould work there 
ought to be no such thing as cracking and breaking away of the lugs 
and so on. It was hardly fair to put moulds scrapped on account 
of that kind of defect in amongst other moulds scrapped because of 
legitimate wear and tear. 

It was stated that the mould life could be affected by the 
stripping time; it was shortened by casting in hot moulds; it could 
be modified by the thickness of the mould wall; it was even different 
in summer and winter. He suggested that all these things could be 
collected together in the simple statement, that, everything else 
being equal, the life of an ingot mould depended on the temperature 
that it attained in use. All four things which he had mentioned 
affected that, and in his opinion that was the deciding factor. 

He would be very interested to know why the Sub-Committee 
had used the ratio of the minimum wall thickness to the ingot 
weight. He suggested that they should use a ratio which was very 
often employed by other workers on moulds, namely, the ‘‘ mould 
ratio,’ taking a section across the mould and findipg the ratio of 
the mould area to the area of the ingot. 

There was one point which he would like to add on the question 
of the dependence of the life of a mould on the temperature it 
attained. Some prominence was given in the report to the fact 
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that when a mould was left for 8 hr. before stripping, as compared 
with the usual practice of 4 hr., there was no difference in the life. 
That, he thought, was easily explained. It was necessary to have 
a very large ingot before it would take more than 4 hr. for the 
ingot mould to absorb its maximum quantity of heat; before the 
4 hr. had expired the mould would be losing as much heat as it was 
gaining. He was not surprised therefore that when in one case the 
stripping was done in 8 hr. and in another after 4 hr., there was no 
appreciable difference in the mould life. 


Dr. L. F. C. Norracorr (Research Department, Woolwich), 
referring to Section VI., enquired whether any experiments had 
been made on the effect of machining the inside surface of ingot 
moulds after a period of use, either immediately before pronounced 
cracking took place or soon afterwards, with the idea of obtaining 
an increased length of life of the moulds. 

On p. 186 of the Report it was stated that crazing was primarily 
due to the phenomenon known as growth. He would like to suggest 
that crazing was essentially due to internal stresses brought about 
by the temperature gradient in the mould, and that growth was 
probably a secondary effect which increased the cracking initiated 
by crazing. 

On p. 192, in the sub-section dealing with the influence of structure, 
Mr. Pearce discussed the effect of cavities, presumably cavities 
formerly filled by graphite. The author said : “ The effect of having 
no cavities at all is illustrated by what happens when a steel mould 
is used ; here the thermal stresses set up without a chance of internal 
readjustment result in distortion.’’ It would be only fair to continue 
that by saying that the effect of having no cavities was also illus- 
trated by what happened when a cast iron mould was used; there 
the thermal stresses set up without a chance of internal readjustment 
resulted in cracking. The effect of having such a steep temperature 
gradient as occurred in steel or cast-iron moulds meant that move- 
ment had to take place between the inside and outside of the 
mould. Ina steel mould it took place in the first instance by elastic 
and then by plastic deformation, but in the case of a cast-iron mould, 
where negligible elastic deformation and very little plastic deforma- 
tion could occur, the movement took place by cracking. 

There was no reference in the bibliography to a paper by G. L. 
Bailey 1 on some work on ingot mould materials carried out at 
Woolwich. Temperature gradients were determined across moulds 
of different materials, including copper. Copper moulds were being 
used in industry for materials having as high a casting temperature 
as steel, though perhaps not for quite such large tonnages, though on 
that point he had no information. In Bailey’s paper it was shown 
that with copper, even air-cooled copper if of sufficient thickness, 
the average temperature gradient was very small indeed. Whereas 


1 Journal of the Institute of Metals, 1932, No. 2, p. 203. 











372 P SEVENTH REPORT ON THE HETEROGENEITY OF 


with cast iron or steel the temperature of the working face of the 
mould would exceed 600° or 700° C. while the outside was com- 
paratively cold, in a copper mould the temperature gradient was of 
the order of less than 100° C. between the outside and inside of the 
mould. He thought that was a point which the Sub-Committee 
might consider; the determination of temperature gradients in a 
mould of the type in question was quite a simple matter. 

In Section II. of the Report Dr. Swinden showed very well that 
there was a composition gradient in the region of columnar crystals 
between the commencement of the growth of the crystals and 
the end of growth, there being a higher concentration in carbon, 
sulphur and phosphorus where the crystals first started to grow. 
He would like to suggest that that difference was not due, as sug- 
gested in the paper, to a pushing forward of impurities of the 
non-metallic type, for, if such a pushing forward did take place, 
he did not see why it should become more efficient as growth 
occurred, as was indicated by the suggestion of Dr. Swinden. It 
was usual to find that with increasing impurities in the melt a 
greater quantity of impurity was trapped by the growing crystals. 
A simpler explanation was to be found in the phenomenon, itself 
not very simple, of inverse segregation. He thought that Dr. 
Swinden’s rimming steel was a fine example of inverse segregation, 
and it was significant that that steel had a very high gas content. 


Mr. J. E. Hurst (Darlaston) said he had read that part of 
Section VI. which appertained to cast iron with great interest, and 
it occurred to him in reading it to suggest an aspect of the matter to 
which the Sub-Committee might pay some attention. He had not 
had much experience of ingot moulds himself, but it did seem to 
him that the failures of ingot moulds either by cracking or by crazing 
were “ in the limit,”’ so to speak, to be attributed to the creation of 
stresses, and consequently the mechanical properties of the cast iron 
must ultimately be of some importance in considering the improve- 
ment of the properties of the ingot mould materials. In that respect 
he had for some years now made it a matter of experiment to measure 
the mechanical properties of cast irons in the pig-iron form and also 
in castings—not only the ultimate strength properties but also the 
various attributes of the elastic properties such as the modulus of 
elasticity and the permanent set, which was another way of express- 
ing the plastic deformation. It was remarkable to find how 
individual samples of the same iron varied very considerably over 
a period of months or of years. Individual samples of the same 
pig iron from the same furnace, reasonably within the same limits 
of composition, varied within comparatively wide limits in regard 
to the ultimate breaking strength and the various attributes of the 
elastic properties such as the plastic deformation. 

That aspect of the matter might have some bearing on the 
behaviour of individual moulds in service. Not only did individual 








STEEL INGOTS.—CORRESPONDENCE. 373 P 


supplies of these irons from the same furnace vary, but an individual 
cast varied quite substantially. 

In another direction he had had the opportunity of studying the 
distribution of the properties in, say, a cylinder liner, and, taking 
sections down a cylinder liner and measuring those properties at 
various horizontals in the length of the liner, it was surprising what 
wide variations in those properties could be obtained, more par- 
ticularly in large liners where the radial thicknesses were large and 
were probably more comparable to ingot moulds. There might be 
such a thing as heterogeneity in ingot moulds, and that might be 
detected by a study of the mechanical properties, and particularly 
the elastic properties, throughout the length of the mould. He 
suggested that, in continuing the investigations which they had 
just begun, the Sub-Committee might very well give some attention 
to that aspect of the matter, as he was sure that the behaviour of 
an ingot mould in service must ultimately be capable of being tied 
up with the mechanical properties of the material. 


CORRESPONDENCE, 
(Figs. G to J — Plate XXII.) 


Mr. E. Taytor-Avustin (Birmingham) wrote that he wished to 
thank Mr. Stevenson, Mr. Rooney and Dr. Raine for a very valuable 
contribution to the study of the determination of non-metallic 
inclusions in steel by the alcoholic iodine method. 

During the past twelve months investigations had been in 
progress at the laboratories of the British Cast Iron Research 
Association on this method for the determination of non-metallic 
inclusions in pig and cast iron. Recent work had shown that the 
mechanism of graphite formation was bound up with these non- 
metallic inclusions, the separation and estimation of which there- 
fore assumed great importance. Pig and cast iron, however, 
presented special difficulties compared with steel on account of the 
presence of phosphorus and graphitic carbon. 

The main difficulty encountered was the interference due to the 
element phosphorus, which partially remained with the residue of 
oxides and graphitic carbon. 

The apparatus employed was essentially the same as that used 
by the authors, and experiments had been made to determine the 
effects of both prolonged churning at room temperature and stirring 
at elevated temperature on the phosphide and other constituents. 
The periods of churning were from 4 to 64 hr., and stirring from 
1 to 6 hr. Generally speaking, the results were the same in both 
cases, except that with stirring and the application of heat the 


1 See Norbury and Morgan, Journal of the Iron and Steel Institute, 1936, No. IT., 
pp. 327 p-346 p. 
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effects were apparent in a much shorter time. No appreciable 
change could be detected in the figures for silica and alumina, but 
those for manganous oxide showed a decrease. These observations 
were in agreement with the figures shown in Section IV. (B) of the 
Report. 

With regard to phosphorus, about 50° of the amount present 
in the iron dissolved during the first 2 hr. of stirring at 60° C., but 
during subsequent l-hr. periods only 10% of the remainder was 
removed per 1-hr. period. 

Further, at the end of a 2-hr. stirring period, the residue con- 
tained insufficient iron to balance the phosphorus present as iron 
phosphide (Fe,P). His experiments, carried out on a sample of 
iron phosphide, had shown that the iron dissolved much more 
rapidly than the phosphorus, and thus a correction for the amount 
of iron associated with the latter in any oxide residues was impos- 
sible. Hence no figure could as yet be obtained for the iron oxide 
inclusions in pig iron by the iodine method. 

It was, however, found that, in the case of a steel containing 
1-48% of phosphorus, kindly supplied to the Association by Dr. 
Swinden and Mr. Stevenson, the whole of the phosphorus dissolved 
in a 2-hr. stirring period at 60°C. Thus it would appear that 
phosphorus in solid solution was soluble in alcoholic iodine solution, 
whilst iron phosphide was but slightly attacked. Prolonged 
churning or stirring had no effect upon the figures obtained for 
titanium and vanadium oxides. 

Recent experiments carried out on a sample of manganous oxide, 
prepared in the laboratory, had shown it to be completely soluble 
in alcoholic iodine during 2 hr. stirring at 65° C. 

Similar tests on a sample of manganous sulphide, also prepared 
in the laboratory, showed that in 2 hr. the whole of the manganese 
dissolved, leaving 60% of its sulphur behind in its elemental form. 

The methods used for the analysis of the residues obtained were 
almost identical with those given by the authors in the paper cited. 


Dr. E. Grecory (Sheffield) wrote that on p. 9 of the Report 
there appeared the statement “it is generally accepted that 
carbon, sulphur and phosphorus are elements which show the 
widest segregation, because they are elements which possess the 
greatest range between the solidus and liquidus. Silicon, manganese, 
nickel, copper, &c., show the least, because they have a small 
solidus/liquidus range.’’ An element surely had no solidus/liquidus 
range; its melting point should be identical with its freezing point. 
Although he quite appreciated what was implied by the above 
statements, he did feel, as a teacher, that they should be modified 
in order to avoid misinterpretation by students and other readers. 

He wished to express his appreciation of Mr. Whiteley’s 
admirable contribution in Section IIIa. of the Report. His view 
that sulphur existed mainly in the form of ferrous sulphide in 
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molten steel, and that its conversion to manganese sulphide occurred 
during the cooling subsequent to freezing, was supported by a 
consideration of the relevant thermochemical equation : 


Mn + FeS = MnS + Fe + 24,350 cal. 


Since the reaction was exothermic, it would be expected that 
the forward reaction would proceed more readily at lower tem- 
peratures. At very high temperatures the equilibrium would lie 
to the left, with ferrous sulphide and manganese as the preponderat- 
ing constituents. 

There was one little point which he thought required explanation. 
It was well known that manganese was an effective desulphurising 
agent in basic steelmaking processes, and on these grounds some 
objection might be taken to the theory that sulphur existed mainly 
as ferrous sulphide in molten steel. At a given temperature, 
however, it followed from the above equation that the greater the 
manganese concentration the more would the equilibrium be dis- 
placed to the right, and more manganese sulphide be formed. If, 
as was assumed, this entered the slag and was oxidised with the 
liberation of sulphur dioxide gas, more would be formed to replace 
it. Thus Mr. Whiteley’s theory afforded an explanation of the 
fact that desulphurisation was accelerated by a high manganese 
content in a basic furnace charge. 

Turning now to Section Il[B., he would like to congratulate 
Professor Andrew, Dr. Raine and Mr. Vickers on the excellent agree- 
ment between their values for oxygen by the iodine extraction and 
vacuum fusion methods. It seemed to him, however, a great pity 
that these determinations were conducted on the unkilled samples. 
On p. 58 of the Report it was stated that “the samples . . . almost 
all sparked profusely and in certain cases frothed over the spoon,” 
and Mr. Whiteley also noted that most of the samples were full of 
blow-holes or cavities. These effects could only be attributed to 
the evolution of carbon monoxide, resulting in a loss of both carbon 
and oxygen. On this account he ventured to suggest that the 
carbon and oxygen values given in the Report were not truly 
representative of the carbon and oxygen contents of the molten 
steel, and that more representative values would have been obtained 
on the aluminium-killed samples. 


Mr. H. Léreuist (Stockholm) wrote that the analytical results 
given in Section II. were a very valuable contribution to the know- 
ledge of the freezing of rimming steels. With regard to the explana- 
tion of the characteristic shape of the distribution curves given for 
carbon, sulphur and phosphorus, reference might here be made to 
an earlier treatment of these phenomena by Professor C. Benedicks 
and the writer.! 

1 C, Benedicks and H. Léfquist, ‘‘ Non-Metallic Inclusions in Iron and 
Steel,” p. 231. London, 1930, 
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It was shown there in a theoretical analysis that the distribution 
of elements, especially of carbon, phosphorus and sulphur, in a large 
steel ingot after freezing should be expected to be such as was shown 
in Fig. F, I., II.,1 curve az, on account of crystal segregation and 
a certain periodicity in freezing. The abscisse represented the 
distance from the outside of the ingot (point a), and the ordinates 
in the upper diagram (I.) were the sum of the concentrations of 
carbon, phosphorus, sulphur, &c. The horizontal line ab repre- 
sented the sum of the mean analyses of the elements in the ingot. 
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In the middle part (II.) of the figure the different crystal zones 
formed in the ingot were shown schematically : The chill layer (1), 
the columnar zone (2), and the granular zone (4) with its enrich- 
ments of impurities, marked with hatching for dissolved impurities 
and dark spots for slag grains, as sulphides and oxides. In the 
discussion of the freezing phenomena related to this figure the 
influence of gas evolution was not considered, however. 

Starting from the figure given, the phenomena during the freezing 
of a rimming steel ingot could now be discussed and shown 
schematically in Fig. F, III. The chill layer (1) must be expected 
to be less marked than in killed steel, on account of a stirring action 
of the gas evolution setting in more or less intensely when freezing 


1 Benedicks and Léfquist, loc. cit., Fig. 130. 
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started. The primary cause of this gas evolution was the formation 
of CO, due to reaction between dissolved FeO and carbon, which 
had been very well studied experimentally by Edwards and Jones. 
Hence, a carbon monoxide “ boil’’ would appear in front of the 
growing columnar crystals (2), where the dissolved FeO and carbon 
became enriched on account of crystal segregation. The effect of 
this “boil”? in cleaning the front of the growing crystals and 
making them dense and pure had been discussed earlier by Bene- 
dicks and the writer.2, Owing to the segregation and this “ boil ”’ 
reaction the carbon concentration in the growing columnar crystals 
would be progressively lowered from the original mean value AB, as 
represented by some sloping curve such as BC. The amount of 
dissolved FeO in the “ boil ’’ zone would become lessened by the 
formation of carbon monoxide, which would cause this gas formation 
to become less intense when a certain depth of the columnar zone 
was reached. The cooling from outside would also diminish. 
These factors caused the concentration of carbon then to rise again 
in the mother-liquor and in the columnar crystals, as indicated by 
the upward slope of the curve CD. Owing to the stirring action of 
the gas evolution the concentration of dissolved and precipitated 
substances would change progressively, as indicated by the slope 
of curve CD and its continuation DE. 

When the columnar crystals had ceased to grow further, the 
mother-liquor in front of them would, on account of the high content 
of segregated dissolved substances, such as carbon, phosphorus and 
sulphur, indicated by FZ, have such a low freezing point that it would 
not freeze at once. Instead, freezing would set in at some point F 
further inwards, where the content of dissolved substances, the varia- 
tion of which at that moment might be represented by the full curve 
EFI, was less and such that the freezing point was just equal to the 
temperature prevailing at that moment at that point. From here 
freezing proceeded inwards (towards () as well as outwards (towards 
E£). As the first formed crystals were purer, and a certain amount 
of crystal segregation in both directions was to be reckoned with 
here also, the resulting concentration in the solid ingot might be 
such as was indicated by the dotted curve DH’F’G. The second 
enriched zone H might give rise to a second “ overlapping ’”’ of 
freezing at H, so that it started somewhere between H and J, while 
H was still liquid, and so on until the centre of the ingot was reached. 
The tendency to form such peaks might, however, be expected to 
become less pronounced when freezing proceeded inwards, because 
the crystallisation was then getting slower, owing to a flatter 
temperature gradient. 


1 Fifth Report on the Heterogeneity of Steel Ingots, [ron and Steel 
Institute, Special Report No, 4, 1933. 

2 C. Benedicks and H. Léfquist, Correspondence on the Fourth Report 
on the Heterogeneity of Steel Ingots, Journal of the Iron and Steel Institute, 
1933, No. II., p. 423. 
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The precipitation during freezing of a liquid oxide-sulphide slag 
phase which rose in the molten steel and contributed to the forma- 
tion of slag streaks had been discussed earlier by Benedicks and the 
writer.1 

It might thus be said that the results given in the paper agreed 
very well with the elucidation given earlier by Benedicks and the 
present writer, slightly modified so as to take account of the influence 
of the gas evolution in rimming steel. 

Referring to Section III4., the segregation effect, showing the 
occurrence in some spots of apparently massive carbide, often 
accompanied by sulphide or silicate, described in this paper, was 
very interesting. The phenomenon was not so easy to understand, 
but the writer only wanted to draw attention to the fact that when 
studying it, the rather complicated Fe-S-C-Mn system should 
apparently be considered. As a matter of fact, the segregations 
were found to be less frequent when the carbon and manganese 
contents were low. The quaternary system mentioned had only 
partly been studied, but it might be pointed out here that in the 
Fe-S-C system * there was an extended region of immiscibility at 
the liquidus surface of iron, implying the formation, on the freezing 
of the iron, of two liquid phases, one very rich in sulphur and one 
very rich in carbon. In both of these there was the possibility of a 
precipitation of carbide together with sulphide from the melt. A 
similar phenomenon could also occur in the Fe-S—C-Mn system, 
and thus give rise to heavy carbide precipitations, which should 
not be expected in the pure Fe—C system. 


Mr. K. G. Lewis (Wolverhampton) congratulated the Liquid 
Steel Temperature Sub-Committee on the efforts which they had 
made to tackle the very difficult problem of temperature measure- 
ment in the open-hearth furnace dealt with in Section VII. He 
wished to obtain their opinion on a number of points arising out of 
the results obtained by The United Steel Companies and also by 
Dr. Schofield at the National Physical Laboratory. 

Dr. Fitterer’s results appeared to vary somewhat from those of 
the Sub-Committee, and the fact that the e.m.f. at a given tem- 
perature increased progressively with repeated heating and cooling 
constituted a very great drawback to the use of the Fitterer couple, 
and necessitated at least recalibration after each measurement. 
Figs. 173 and 174 showed a relatively great area of contact between 
the two elements, and it would be of value to know whether or 
not such contact had any effect on the temperature measurement. 
With regard to the application of the couple through the roof just 


1 Benedicks and Léfquist, ‘‘ Non-Metallic Inclusions th Iron and Steel,” 
p. 238. 
_ ® See Benedicks and Léfquist, ‘‘ Non-Metallic Inclusions in Iron and Steel,”’ 
a 9, p. 21. R, Vogel and G, Ritzau, Stahl und LHisen, 1931, vol. 51, p. 
793, 
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into the bath of steel, was it permissible to assume that the con- 
stitution of the Fitterer couple obviated any effect due to possible 
higher temperatures at the slag line ? 

It was very pleasing to note that Dr. Schofield had, in his very 
extensive work, succeeded in obtaining a tube which would with- 
stand rapid immersion and that he had been able, by the ingenious 
method of applying gas under pressure to the tubes containing the 
thermocouples, to record what were apparently satisfactory measure- 
ments with only steel contamination. 

Considering the rapidity with which the temperature measurement 
must be made, had Dr. Schofield any information as to whether or 
not the application of gas under pressure might affect the tem- 
perature reading, particularly in that case where the wires were not 
connected and the circuit was completed by the liquid steel? In 
this series of experiments, the results of which appeared to be 
regarded as inferior to those obtained by other methods, it was a 
matter of satisfaction that slag contamination did not appear to 
interfere with the temperature measurement. 

The writer would like to know if he were correct in assuming 
that in all cases the temperature measurements in the open-hearth 
furnace were carried out without any interference of gas flow in 
the furnace; also that the recording galvanometer was at some 
considerable distance from the furnace itself. 

As a point of interest, he would ask the Sub-Committee if they 
were of the opinion that the transformation of the silica used to 
cristobalite and then to tridymite vitiated the results within the 
limits of accuracy which could possibly be attained in temperature 
measurement. 

It appeared to be certain that there were definite physical 
differences, in point of both constitution and aggregation, between 
the silicon carbide used by the Sub-Committee and that used by 
Dr. Fitterer. Chemical analysis alone could not, unfortunately, 
settle this point. 


Mr. B. Jonsgs (Cardiff) wrote, with regard to Section II., that 
the contribution by Dr. Swinden was of great interest, and for the 
first time gave a detailed examination of the rim and core in rimming 
steel, demonstrating clearly the variation in chemical composition 
to be expected in this class of steel. He hoped that Dr. Swinden 
would soon, also, carry out the tests for the oxygen content of the 
rim and core, as this new information would give a better under- 
standing of the rimming action. An important and highly interest- 
ing result of the experiments was that the purity of the rim increased 
during its formation, due undoubtedly to the effervescing action of 
the gases in the mould during this period. It seemed unfortunate, 
however, that a microscopical examination was not carried out on 
the steels, especially in the case of the steel billet, as a correlation 
of the chemical analysis with the microstructure at the various 
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positions in the comparatively pure rim and in the core should 
prove interesting. 

Some years ago he had an opportunity to examine a low-carbon 
steel billet rolled from an ingot of rimming steel manufactured on 
the Continent by the basic Bessemer process, which was charac- 
terised by appreciable segregation in the core, but which contained 
a comparatively pure rim. Microscopical examination showed that 
the core was characterised by the presence of plates of iron nitride 
in various forms of dispersion, a most unusual feature which indicated 
a high nitrogen content. The steel, therefore, must definitely be 
regarded as an abnormal example, but nevertheless presented several 
interesting features. As the steel also contained appreciable amounts 
of certain other segregating elements, the billet was examined 
by chemical analysis and by microscopical tests on the rim and 
impure core. Some of the results were given here to show the 
abnormal amount of segregation found and the relative purity of 
the rim. 

The sulphur print was shown in Fig. G. It would be seen that. 
the billet possessed an abnormally impure core, while the rim, as 
also found by the Committee in the examination of the ingot of 
Continental basic Bessemer rimming steel described in the Sixth 
Report (Examples 63 and 64), extended to practically half the linear 
dimensions, and to approximately three-quarters of the whole 
transverse section. The rim was larger than that normally found 
in basic open-hearth practice, an example of which was shown 
in Fig. 1 of the Seventh Report. There was evidence of certain 
zones of segregation radiating from the centre of the billet, and 
which extended through the impure core. While a detailed examina- 
tion and method of sampling, as described by Dr. Swinden, was 
not attempted, drillings were obtained for chemical analysis from 
three different positions, namely, in the rim, in the impure core 
adjoining the rim, and in the centre. These samples were tested 
for carbon (by combustion), manganese, sulphur (gravimetrically), 
phosphorus, and nitrogen (by distillation and titration). The results 
of the chemical analyses were given in Table B, which showed that 


TaBLeE B.—Variations found in Basic Bessemer Steel Billet showing 
Abnormat Segregation. 























Carbon. Manganese. Sulphur. | Phosphorus. | Nitrogen. 
| %: %: %- Yo %- 
| y 
; . | 0-057 0-28 0-011 0-040 0-014 
cee adjoining 1 rim . 0-074 0-35 0-072 0-127 0-023 
| Centre. - | 0-080 0-36 0-080 0-156 0-039 
| Calculated average - | 0-070 0-33 0-054 *} 0-106 0-025 
| Range %* . .| 33 24 | 128 109 100 








* Calculated average taken as pit sample, 
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Puate XXII. 


BILLET FRoM Basic BESSEMER RIMMING STEEL INGOT. 
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5 Pearlite strings and finely-dispersed nitride. 


x 3d. 
x 350. 
(Fig. H reduced to four-fifths and Figs. I and J to two-thirds linear in reproduction.) 
(See Jones’ contribution.) 
[Correspondence on Seventh Ingot Report. 
[To face p. 380 P. 
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while there was found to be an appreciable segregation of sulphur, 
phosphorus, and nitrogen, the calculated average percentage for 
the elements agreed well with the figures obtained by an independent 
analyst on an average sample taken from the billet. 

Attention was drawn to the relative purity of the rim formed 
from a melt which contained amounts of impurities which must have 
approached the average amounts calculated in Table B. The results 
did not agree with those obtained by Dr. Swinden, who found that 
the highest values occurred at the merge of the rim and core; the 
greatest segregation in the above tests was found in the centre 
portion of the billet. The greatest heterogeneity was shown by 
sulphur, followed by phosphorus, nitrogen, carbon, and manganese, 
these being reported as the “range %’’ and calculated in the 
manner indicated in the First Report. In this instance the calcu- 
lated average percentage was taken to represent the pit sample; 
this was not strictly accurate, of course, but served the purpose of 
comparing the variation of the elements. The variations found in 
the analytical data given in Table II. of the Seventh Report 
(pp. 18-19) for the basic Bessemer ingot examined by Dr. Swinden 
were summarised in Table C, together with the “‘ range % ”’ figures 
calculated from the pit sample. It would be seen that the greatest 


TaBLE C.— Variations found by Dr. Swinden in Basic Bessemer Ingot. 
(Example No. 64.) 


Carbon, | Manganese. | Sulphur. | Phosphorus, | 
| Minimum. .| 0040 | 0850 | 00146 0-031 
| Maximum | 0-081 0-585 0-0585 0-0815 
| Pit sample val 0-060 0-54 0-026 0-048 


Rango%. 68 | 16 | 170 | 105 


I 


variation was also shown by sulphur, followed by phosphorus, 
carbon, and manganese. It might be of some interest to point out 
that the writer’s tests on the billet confirmed the fact indicated by 
Dr. Swinden that the increase of manganese found in the core was 
not sufficient to combine with the increased sulphur to form pure 
manganese sulphide, and in this instance also the elements were 
determined on the same sample. 

Fig. H showed a typical microstructure in the outer portion of 
the rim, which was composed mainly of ferrite grains containing 
particles of boundary carbides. There was an absence of pearlite, 
although some isolated grains were found in parts of the rim towards 
the core. Figs. I and J showed portions of the impure centre 
portion of the billet, and the abnormal character was at once 
apparent. The sections polished for microscopical examination 
were examined in the longitudinal direction, as this gave a clearer 
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indication of the amount of impurities present. Fig. I revealed 
the presence of pearlite grains in segregated masses, together with 
plates of iron nitride, the so-called nitride ‘‘ needles’; the bottom 
portion of the micrograph showed an area which remained unaffected 
by the etch, due presumably to a high oxygen and/or high phos- 
phorus content of the ferrite. Fig. J illustrated the accumulation 
of sulphides and non-metallic impurities, and the presence of 
pearlite strings and of numerous particles of finely-dispersed nitride 
in the ferrite grains. 

The sample gave an interesting example of the degree of segre- 
gation possible in the core of rimming steel and of the relative 
purity of the wide surrounding rim. 





COMMITTEE'S REPLY. 


The CoMMITTEE wished to express their appreciation of the 
excellent discussion which followed upon the presentation of this, 
their seventh report. 

The enthusiastic support of Sir William Larke and the detailed 
criticism of Professor Kérber, Professor Benedicks, Dr. Houdremont 
and the many others who had contributed to the discussion, con- 
stituted both an encouragement to further effort and a guidance 
as to the direction which this effort should take. 

In reply to the point regarding the sedimentation cone raised 
by Professor Benedicks, the Committee would reply that they 
were studying, with the means at their disposal, the whole question 
of possible movement and currents within the liquid interior of 
the ingot. They would welcome any suggestion which he could 
make regarding the possibility of establishing experimentally that 
the currents which he had postulated did in fact exist in the ingot. 


Sections II. and V. 


In a written reply, Dr. SwINDEN expressed his gratification at 
the interest aroused by the work in Section II. of the Report. 

The very comprehensive statement by Professor Kérber in 
connection with the manganese-sulphur ratio arising out of this 
Section and of Section IIIa. by Mr. Whiteley was very deeply 
appreciated. It was also pleasing to note that Dr. Kérber fully 
confirmed the conclusions drawn by Dr. Swinden and Mr. Stevenson 
from the work reported in Section V. and the other work on the same 
subject which preceded it. 

Dr. Northcott did not favour the explanation advanced in 
Section II. for the concentration of carbon, sulphur and phosphorus 
at the junction of the rim and the core. He stated, on the contrary, 
that this was a fine example of inverse segregation. On the other 
hand, Mr. Léfquist contributed a most interesting statement 
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elaborating the explanation suggested in a most able way. Dr. 
Swinden considered that this more detailed exposition fully answered 
Dr. Northcott’s criticism, and he wished to thank Mr. Léfquist 
and Professor Benedicks very sincerely for their contribution, with 
which he was in complete agreement. 

Dr. Swinden thanked Mr. B. Jones for his interesting con- 
tribution. He thought, however, that it would be wrong to regard 
any of the data presented by Mr. Jones as being contradictory to 
the evidence presented in Section II. of the Report or to the com- 
ments made thereon. Mr. Jones stated that the sample which he 
examined “ must definitely be regarded as an abnormal example,” 
and this, it was suggested, provided an explanation why Mr. Jones’ 
data differed from those given in the Report. It was unusual, 
except at the extreme top end of a rimming steel ingot, to get 
serious central segregation such as was shown in Fig. G, which, 
no doubt, accounted for the fact that the centre drillings in this 
case were less pure than those obtained from the junction of the 
core to the rim. The print did indicate a higher content of sulphur 
at the junction than in the core except for the central segregate. 
The microstructures, which Mr. Jones kindly illustrated, were those 
to be expected from such a sample. 

As stated in the Report, the gas content—namely, oxygen, 
hydrogen and nitrogen—was being determined on the ingot in 
question, corresponding to the other data presented in Section II., 
and it was hoped that this new information would enable a fuller 
hypothesis to be stated concerning the rimming action. 


Section IIIa. 


Mr. J. H. Wuire.ey replied that the Committee was indebted 
to Professor Kérber for his informative contribution to the dis- 
cussion. Figs. A and B which he included were of much interest, 
in that they both indicated a weak affinity of manganese for sulphur 
in liquid steel. From Fig. A it was to be inferred that oxygen 
could readily displace sulphur in MnS, and since, as Professor 
Korber had also shown, iron tended to displace the manganese 
in MnO, it seemed clear that MnS was not a very stable combination 
at these high temperatures. In molten ordinary steel, therefore, 
some of the sulphur would be combined with the iron. The amount 
of MnS actually present in the bath would no doubt depend upon 
the relative concentrations of manganese, sulphur and oxygen, 
the results recorded in Fig. A suggesting that as the oxygen content 
of the steel increased, the proportion of the sulphur existing as 
MnS diminished. So also, a number of factors would determine 
the amount of MnS present at freezing. As Professor K6érber 
stated, the enrichment of the mother-liquor in sulphur to a much 
greater extent than in manganese would tend to retard the forma- 
tion of MnS. On the other hand, as Dr. Gregory indicated, the 
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change from FeS to MnS was an exothermic reaction, and hence 
the quantity of MnS should increase as the temperature fell. These 
two effects were obviously opposed, and since he (Mr. Whiteley) 
had repeatedly noticed, as stated in the paper, that in segregated 
areas the proportion of FeS was higher than elsewhere, it would 
appear as though the first predominated. 

While Professor Kérber’s data clearly afforded further evidence 
that much of the sulphur in ordinary steels separated as FeS, he 
considered that the author had not advanced conclusive proof 
that the subsequent change from FeS to MnS could take place 
later in the solid state. He contended that at 970° C. the Fe-FeS 
eutectic would form and the FeS would thus be liquefied. Now 
he (Mr. Whiteley) regarded the formation of this eutectic, in steels 
such as those examined in the paper, as very problematical. Some 
degree of mutual solubility of the two components above the 
eutectic temperature was required to produce a eutectic, and of 
this there was little, if any, evidence. When, for example, sample 
14 was heated to 1100° C., the remaining FeS was still irregular in 
shape and showed no signs of having been in a liquid state as 
spherical droplets. Further, there was no indication of a eutecti- 
ferous structure in the FeS in either quenched or quickly-cooled 
specimens. Again, if iron and FeS formed a eutectic in such 
steels, then when FeO was visibly present a ternary eutectic of 
Fe, FeO and FeS should appear, but no such structure was to be 
seen in any of the samples. The oxide-sulphide eutectic was 
invariably binary in character, as shown in the illustrations. The 
occurrence of an Fe—FeS eutectic thus seemed extremely doubtful, 
but, in any case, he had since found that FeS slowly changed to 
MnS at temperatures well below 900° C., i.e., in a region where the 
FeS was unquestionably in a solid state. Except on this one point, 
Professor Kérber’s views appeared to be in complete agreement 
with and to amplify those advanced in the present paper on this 
subject. 

Dr. Norbury’s method of presenting the results (Fig. E) in 
Table VI. was certainly interesting, but in all probability the 
excess of manganese required to convert all the sulphur to MnS 
would depend upon the rate of cooling down to about 900° C. As 
shown in Table VII., when sample 14, containing much less than 
0:30°% excess of manganese, was heated at 970° C. for little more 
than one hour, practically no FeS remained. The rate at which 
manganese diffused in iron would, of course, be an important 
factor here. Work that he (Mr. Whiteley) had since done on this 
problem indicated that under extremely slow rates of cooling 
considerably less than 0-10°/, excess of manganese was sufficient. 

Dr. Norbury ventured into a very speculative region when he 
commented on the similarity between the number of counted 
inclusions and the number of grains normally present in a cubic 
inch of steel. Exponents of the theory of grain-growth inoculation 
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by inclusions did not seem to agree entirely as to the size of the 
inclusions which were supposed to act as nuciei, but sub-microscopic 
particles were apparently not excluded. Hence, the number of 
available nuclei present in the bath samples would most likely be 
far greater than that determined at merely 400 magnification. 
He would also point out that, in most of the samples, more than 
half the inclusions were sulphides, which were not considered to 
act as nuclei. Further, the distribution of the visible inclusions was 
not sufficiently uniform to bring about grain formation as envisaged 
by Dr. Norbury. Several particles often occurred close together. 
For these reasons, therefore, he (Mr. Whiteley) doubted very much 
whether any connection existed between the number of counted 
inclusions and the grain size to be expected in the samples when 
normalised. The similarity of the two calculated figures was merely 
a coincidence. 

Dr. Gregory’s remarks on the exothermic nature of the reaction 
between FeS and manganese were very apposite. Clearly this 
was a point which should be kept in mind in any further work on 
the subject. Dr. Gregory’s observations on the mechanism of the 
desulphurising action of manganese in the basic bath were also of 
much interest, and, so far as his (Mr. Whiteley’s) own work in that 
direction had gone, he was in complete agreement with Dr. Gregory. 

Mr. Lofquist drew attention to the extended region of im- 
miscibility in the liquidus zone of the Fe-C-S system as at present 
understood. Little notice had yet been taken of this feature. 
The possibility that segregation as observed in steel ingots was to 
be accounted for by the formation, near the freezing point, of 
minute immiscible droplets rich in the segregating elements had, 
however, not been overlooked by the Committee, and an endeavour 
was being made to obtain some experimental evidence in this 
direction. The quaternary system Fe-C-S—-P would probably 
require a thorough investigation in the high-iron region before an 
explanation of segregation could be put forward which would account 
for all the known facts. 

Finally, it should be stated here that the paper contained an 
error which was not noticed until too late for correction. In the 
last line of the top paragraph on p. 28 the sentence “ as in Figs. 30 
and 31 ”’ should read “ as in Figs. 31 and 32.’’ 


Section IIIz. 


In reply to Dr. Gregory, the AUTHORS wrote that they were in full 
agreement with him with regard to the loss of oxygen due to the 
reaction of carbon and ferrous oxide in the molten samples, the 
oxygen being lost as carbon monoxide. Experiments were in 
progress for determining the oxygen content of the aluminium-killed 
samples, and the results indicated that the total oxygen values for 
these samples were greater than in the case of unkilled samples. 
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At present it was not possible to state definitely if all this increase 
in total oxygen was due to the prevention of the loss of oxygen 
as carbon monoxide or whether some of the increase was due to 
oxidation of the aluminium by other agents. 


Section IV. 


The OxyGEeNn Sus-ComMiTrEE thanked the various contributors 
for the appreciative references to their work. Concerning Part A, 
dealing with the vacuum fusion method, they listened with great 
interest to the contribution from Professor Kérber. The main 
object of this section was to write up in complete detail the process 
as practised in three different laboratories, with the satisfaction 
that the results obtained were in agreement. It was pleasing to 
note that both Professor Kérber and Dr. Houdremont had reached 
the conclusion that the determination of total oxygen by the vacuum 
fusion method could now be regarded as well established, not- 
withstanding certain important differences in various parts of the 
equipment. 

The work by Thanheiser and Paulus was well known in Britain, 
particularly the attention given to the influence of manganese, 
and some results were quoted on p. 107 of the report. 

Dr. Kérber drew attention to the interesting fact, disclosed in 
the report and with which he was in agreement, that the nitrogen 
content provided similar results when determined by the hot 
extraction and chemical methods. He pointed out that, by this 
means, the accuracy of the gas analysis could be checked, in that 
in the gas analysis the nitrogen was normally taken by difference. 

As pointed out by Dr. Houdremont and as stressed in the report, 
only limited information was to be obtained from the determination 
of total oxygen—hence the efforts that were being made in the 
various laboratories to obtain more detailed information concerning 
the distribution of the oxygen in steel. 

The contribution by Dr. Houdremont on the research carried 
out in the Krupp Laboratories—particularly that of Dr. Klinger 
and his co-workers on the electrolytic method for the determination 
of inclusions—was heartily welcomed. The members of the Sub- 
Committee had very little experience with the electrolytic method 
and therefore the information supplied was particularly appreciated. 
The thorough investigation of alternative methods was a matter 
of great importance, as it was evident that it would not be possible 
to standardise one particular method for determining the inclusions 
in all classes of steel. 

The necessity for such investigations was emphasised by the 
divergence in the results reported in the co-operative investigation 
of the United States Bureau of Standards. 

The results of the tests on steels 4, 5 and 7 submitted by Dr. 
Houdremont differed rather widely from those obtained by the 





a 


a ee VY ee Se oT ew 


YW 


- 


cre co -_ = 


~~ aS eS 


= 





STEEL INGOTS.—COMMITTEE’S REPLY. 387 P 


alcoholic iodine method, and, in the present state of development 
of either method, it might perhaps serve no useful purpose to attempt 
a comparison. It was noted, however, that, in the case of steels 
4 and 5, the calculated total oxygen values were much higher than 
the vacuum-fusion values, and in the case of steel 7 considerably 
lower. Incidentally, the results now published presumably repre- 
sented later determinations than those included in the Bureau 
Report. 

The authors regarded the comments submitted by Mr. Taylor- 
Austin as a most interesting and valuable contribution. 

The determination of the inclusions in pig and cast iron was 
undoubtedly a more complicated and difficult problem than similar 
work on steels. Prior to Mr. Colbeck’s joining the Sub-Committee 
the interest of the members had been mainly confined to the examina- 
tion of steel. The following notes submitted by Messrs. Colbeck, 
Craven and Murray served to confirm and, in certain respects, 
amplify the results obtained by Mr. Taylor-Austin. In November, 
1936, these investigators carried out a number of experiments on 
a pig iron of the following analysis : 


Total carbon . - - 827% Manganese ; ‘ - 0-29% 
Silicon ; : » 286% Titanium . n - 021% 
Sulphur . . : - 0-026% Vanadium : ; - 0:04% 
Phosphorus. F - 142% 


Samples of this pig iron were shaken in alcoholic iodine at room 
temperature for periods varying from 4 to 190 hr. The figures are 
given in Table D. No attempt was made to determine the Al,O, 
in these three experiments. 


TaBLE D.—Alcoholic Iodine Method. Effect of Prolonged Shaking at 
Room Temperature. 


| 4hr. Shaking. | 22 hr. Shaking. | 190 hr. Shaking. 











Total Ignited 


1-24 0-84 


Residue. % . : ~ | 11-612 | 11-292 5-804 
|si0, % ~ | 0-096 0-108 | 0-100 
|MnO. % | 0-164 0-149 | 0-030 
| TiO, % | 0-45 0-44 0-45 
| V2.0... % | | 0-05 

ig 


005 | 0-05 
keene % | 





The figures showed that Fe,P was slowly soluble in alcoholic 
iodine at room temperature, but even after 190 hr. shaking almost 
60° of the total phosphorus was retained in the residue. It would 
be noticed that no figures were given for FeO in Table D. In the 
case of the 4 hr. and 22 hr. shaking, there was more than sufficient 
iron to balance the phosphorus in the residue as Fe,P. This was 


* American Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 758. 
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not the case after 190 hr. shaking, when, after calculating the iron 
left to Fe,P, there was a very large excess of phosphorus. This 
might be due entirely to the preferential solubility of the iron 
constituent of Fe,P. On the other hand, partial solubility of FeO 
and the iron constituent of Fe,P would have the same effect. 

Several experiments on the same sample of pig iron were then 
undertaken using alcoholic iodine stirred at 60° C. to observe the 
effect of increased temperature on the solubility of Fe,P. The 
figures obtained were shown in Table E. 


TaBLE E.—Alcoholic Iodine Method. Effect of Stirring at 60° C. 




















Stirring at 60° C.— 
For 24 hr. For 48 hr. 
| Total Ignited Residue. % . 0-871 0-192 
SiO, % . ; : : wale 0-024 
Al,O,. %. ; : : <y 0-020 
a e 0-044 
Mn;,0,. % . . ‘ evs Not detected 
aa, % . 0-080 
V,0;,. % . 3 ‘ 7‘ *e Not detected 
| Cr,0,. %.- ; ; . se 0-008 
aD, % . ; a 0-012 





After 24 hr. stirring at 60° C. the residue was fusible at approxi- 
mately 1000° C., and still contained appreciable amounts of phos- 
phorus. After 48 hr. stirring, however, the residue was infusible, 
and was found to contain only 0-:012% of P,O;. It appeared, 
therefore, that Fe,P was soluble in alcoholic iodine at 60° C., the 
time of stirring required being dependent on the phosphorus content 
of the iron. 

No explanation could yet be offered for the drop in the SiO, 
and MnO figures shown in Table E, as compared with those in 
Table D. 

Comparison of Table E with Table D showed that the TiO, and 
V,O, contents of the residue were very considerably reduced by 
stirring at 60° C. It was considered, however, that the explanation 
of this reduction was that titanium and vanadium were present as 
carbides rather than as oxides, and that these carbides were slowly 
soluble in alcoholic iodine at 60° C. 

As indicated in the report (p. 124), the Sub-Committee had long 
been aware of the interference of phosphorus, and considerable 
work had been done. They had therefore noted with deep interest 
the work by Mr. Taylor-Austin and Mr. Colbeck on the decom- 
position and solution of phosphides. 

The results obtained on treating MnO and MnS were noted, 
but it was perhaps desirable to point out that the experiments 
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with manganous oxide were not necessarily a criterion of the 
behaviour of manganese silicate and other complexes. The con- 
ditions used by Mr. Taylor-Austin were rather different from those 
obtaining in the recommended procedure with the stirring method, 
viz., stirring at 60° C. until solution of the metal was complete 
(1-14 hr.), and, further, the presence of finely-divided free carbon 
and a considerable amount of iron in solution might appreciably 
modify the result. 

The experiments with manganese sulphide confirmed the 
experience of the authors, and work on steels at both Stocksbridge 
and the National Physical Laboratory not included in the report 
had shown that the sulphide might be decomposed, yielding free 
sulphur. The sulphur could be determined by combustion or the 
oxidation method, but was not evolved as hydrogen sulphide on 
treatment with acid. 

Finally, as noted in the conclusion of the Sub-Committee’s 
report, a more detailed study of chemical methods for the extrac- 
tion and analysis of non-metallic inclusions formed part of their 
present programme. The contribution of Mr. Taylor-Austin was, 
therefore, particularly welcome, and the Sub-Committee intended 
to work in close collaboration with him. It would be unwise at 
this stage to say more concerning the merits of the conditions of 
extraction adopted by Mr. Taylor-Austin for the treatment of cast 
iron, but it was suggested that these conditions, which were ap- 
parently necessary to decompose iron phosphide in cast iron, might 
possibly lead to secondary reactions which might not occur under 
the conditions laid down in the report for the treatment of steel. 
This point at least merited careful consideration. 


Section VI. 


The Ineort Movutps Sus-CoMm‘TTEE, in replying to the dis- 
cussion, agreed that Dr. Hatfield’s question on the standard of 
imperfection which characterised a mould unfit for further service 
for different classes of steel, was of first importance, particulagly 
when comparing mould lives reported by different observers. ‘The 
degree of mould wear, however, permitted by different firms, even 
for the same class of steel, might vary with the mode of subsequent 
reduction of the ingot. 

The study of the tabulated replies to the questionnaire showed 
that for some classes of steel, a mould could be allowed to remain 
in service until thrown out as a sticker, whilst special alloy steels 
demanded that the working face of the mould be substantially 
free from imperfections. Between these two extreme cases there 
were steels permitting, according to the finished product required, 
varying degrees of wear of the mould, which was detected by 
periodic examination. 

The Sub-Committee, whilst recognising that a knowledge of 
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the mould condition was essential when comparing the lives of 
one type of mould with another, felt some apprehension in recom- 
mending the adoption of standards of wear permitted for different 
classes of steel, but would bear the question in mind when examining 
the effect on steel quality of the different factors involved in casting 
pit technique. 

In reply to Mr. Russell’s statement that no consideration had 
been given in the report to the difference in mould life experienced 
with moulds of the same pattern and possibly of the same com- 
position, made by different makers, the Sub-Committee had con- 
sidered the problem from time to time, and agreed with Mr. Russell 
that it was most probably a question of foundry technique; further, 
now that the independent mould-makers were represented through 
the National Ingot Moulds Association on the Sub-Committee, 
full consideration would be given to this question. 

In reply to his question as to the suitability of using the ratio 
of minimum wall thickness to ingot weight for correlation with 
the different factors involved, the Sub-Committee were led to an 
examination of this ratio from the known fact that wall thickness 
was closely associated with mould life and mode of failure, whilst 
ingot weight was, within narrow limits, a measure of the heat to be 
dissipated, and therefore also played a part. It was most probable 
that the optimum wall thickness was not being employed in many 
of the types of mould mentioned in the questionnaire, having 
regard to the failures by cracking which were reported. At the 
same time, the Sub-Committee were interested in Mr. Russell’s 
suggestion that the mould ratio (mould area : area of ingots) might 
be correlated with the appropriate factors, and this would be 
attempted. 

With regard to the dependence of the life of a mould on the 
temperature attained, it was felt necessary to examine extreme cases, 
and therefore, while it was fully appreciated that there might be 
no difference in mould life between the ingots left for 8 hr. and 
those for 4 hr., it was desirable to determine this experimentally. 

The Sub-Committee were aware of the effect of machining the 
inner surface of moulds mentioned by Dr. Northcott, but it was 
doubtful whether this was economic, in view of the cost of machin- 
ing, while the surface after machining became increasingly open 
in structure and more liable to attack. 

Dr. Northcott’s explanation of the different effect of thermal 
stresses in steel and cast-iron moulds was not in discordance with 
the views advanced by Mr. Pearce and accepted by the Sub- 
Committee. 

The Sub-Committee were familiar with the work done by Mr. 
Bailey on the determination of temperature gradients through the 
walls of moulds of different materials, including copper, and had 
considered carrying out work of this type, but, in connection with 
air-cooled copper moulds, had found that these, in a similar manner 
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to steel moulds, became distorted in use, whilst water-cooling 
offered obvious practical difficulties in casting pit practice. 

Mr. Hurst’s interesting suggestion with “regard to the effect 
of the mechanical properties of mould material at high temperatures 
was useful, and would be followed up by the Sub-Committee. The 
variation in properties between individual samples of pig iron in 
the same furnace and of approximately the same composition was 
of importance, not only in connection with mould life but also in 
steelmaking practice as a whole, and was very well illustrated in the 
variations in properties even in such comparatively small quantities 
of iron as a cylinder lining. In this connection the Sub-Committee 
had obtained wide differences in the properties of samples taken 
from a large slab mould, the results of which would be reported 
later. 


Section VII. 
The Liquip STEEL TEMPERATURE SuB-CoMMITTEE thanked Mr. 


Lewis for his contribution on the Sub-Committee’s Report in- 


corporated in Section VII. 

So far as the work carried out at the Central Research Depart- 
ment of the United Steel Companies, Ltd., was concerned, the 
following details might be noted in answer to the points raised by 
Mr. Lewis. 

(1) There was no doubt that the change in calibration found 
by the tests proved that the couple used would be of little practical 
value in liquid steel temperature measurement. It would be quite 
impossible to take adequate account of the changes arising in 
successive heatings. This particular couple was, however, built 
up partly from components obtained in Britain, and from the 
Sub-Committee’s experience it must be concluded that the character 
of the components of the Fitterer couple was of considerable 
importance. 

(2) Provided that the area of contact was uniformly heated, 
and was at the temperature being measured, its extent would not 
affect the accuracy of measurement. It would be realised that 
the contact resistance was of a high order in this type of couple, 
and it was advantageous to obtain as great an area as possible 
without unnecessarily increasing the mass, even when a potentio- 
meter was used, as recommended. 

(3) Since the effect of the higher temperature at the slag line 
would be to raise the temperature of the silicon-carbide and the 
graphite elements, at a point some distance away from the hot 
junction, the effect on the e.m.f. would be negligible, provided 
that no parasitic e.m.f.’s were developed and no appreciable con- 
duction of heat to the junction occurred. The absence of error 
due to these causes could be presumed if small changes in the 
depth of immersion of the couple did not alter its reading. 

Dr. Fitterer had referred to tests made on the effect of the higher 
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slag temperatures, and concluded that about 6 in. immersion in 
the steel was adequate to prevent any inaccuracy arising through the 
conduction of heat down the couple. 


Dr. ScHOFIELD, replying to Mr. Lewis’ questions, wrote that 
it was impossible to say, from the few experiments carried out 
with the bare ends of thermocouple wires thrust into the steel, 
whether the flow of gas from the capillary tubes enclosing the wires 
affected the temperature reading. It was considered unlikely, 
however, that the cooling effect of so small a stream of gas (one 
or two bubbles a second) would be appreciable. 

The measurements on an open-hearth furnace did not involve 
any interference with the gas flow in the furnace—they were mostly 
made during periods of reversal. The galvanometer was well 
removed from the furnace. 

With regard to the possibility of the thermocouple readings 
being affected by thermal changes due to any transformation of the 
silica used for supporting or sheathing the couple, attention might 
be drawn to the close agreement of the readings obtained on suc- 
cessive immersions of the couple in the same sheath (see Figs. 180 
and 181) and between the readings of the couple and an optical 
pyrometer sighted into a tube of different material. It therefore 
appeared that any appreciable error due to change in the silica was 
unlikely. 
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THE WORK OF THE COKE RESEARCH 
COMMITTEES OF THE IRON AND STEEL 
INDUSTRIAL RESEARCH COUNCIL. 


By E. C. EVANS anp J. M. RIDGION (Bririsu Iron Anp STEEL 
FEDERATION). 


This Report is published as Special Report No. 17; it was presented at 
the Annual General Meeting of the Iron and Steel Institute held in London 
on April 30, 1937. The discussion, correspondence and authors’ reply 
follow the summary below. 


SUMMARY. 


THE Midland, Northern and Scottish Coke Research Committees 
form an integral part of the research organisation of the British iron 
and steel industry, and are Committees of the Blast-Furnace Com- 
mittee of the Iron and Steel Industrial Research Council. This 
Report summarises their work up to December, 1936, and has been 
prepared from their progress reports. 

This Report is divided into six Sections. In the first, a Foreword, 
reference is made to the Coke Co-ordinating Committee, of which the 
Chairman, Honorary Director and Technical Officers of the three 
Coke Research Committees are members, under the Chairmanship 
of Dr. F. 8. Sinnatt (Director of Fuel Research); Mr. E. C. Evans is 
the Secretary. Section II. describes the formation of the Coke 
Research Committees; the constitutions of the three Committees, 
and a list of their publications are given in appendices. 

In Section ITI. the authors summarise the main objectives of the 
Committees; these are (a) to devise methods of testing coke which 
would express its value in the blast-furnace, (b) to investigate the 
factors determining the quality of coke, and (c) to devise methods of 
improving the quality of coke in practice. 

Section IV. is concerned with methods of testing coke. The 
authors first discuss physical properties and tests (such as size 
analysis, impact and abrasion tests, and real, apparent and bulk 
density and porosity), and then turn to the question of sampling ; 
next they review chemical properties and tests (such as analysis, 
reactivity, the wet oxidation of carbon, coke reactivity when burned 
in a deep bed, and the effect of size and surface area on the com- 
bustible properties of coke), and finally refer to the testing of coke 
in service (coke for domestic use, cupola tests, blast-furnace trials, 
and the correlation of laboratory tests with coke performance). 

Section V. deals with the improvement of the quality of coke. 
Under the heading of the influence of the coal properties on the 
quality of coke, the authors discuss the effects of size, ultimate and 
rational analysis, moisture and ash content, change in the volatile 
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matter content of the coal on heating, plastic properties and agglu- 
tinating value. The authors next give some attention to the blending 
of coals, and conclude with notes on the influence of variations in the 
coking conditions (method of charging, rate of heating, and position 
in the coke-oven). 

In Section VI. the authors describe variations that had been 
observed in the quality of Midland cokes, due to the use of inferior 
coals, consequent upon a rapid expansion in coke production. 





DISCUSSION. 


The Prestpent (Mr. Alfred Hutchinson) said the problem was 
one in which he took a great interest. The experiences of a young 
man during his first two or three years in the industry probably 
remained with him for a large proportion of his commercial and 
technical career, and personally he happened to come into the blast- 
furnace business in the Cleveland district just about the time that 
the by-product oven was replacing the beehive ovens in which had 
been produced the coke which was used in the Middlesbrough district. 
In that district they had been, so to speak, the spoilt children of the 
industry, because they had had for generations the very finest coke 
which was to be found in England and, he thought he might say, in 
the world. The coal had only to be coked in the beehive oven to 
provide an almost perfect fuel for blast-furnaces. At that time the 
question was being asked of whether the by-product oven would 
provide as good a coke for blast-furnace purposes as they had been 
accustomed to receive from the beehive oven, and he remembered 
his father saying ‘‘ Yes, provided you will undertake to put into 
the by-product ovens the same quality of coal that you had perforce 
to use in beehive ovens.” The danger was that because the by- 
product oven would make a decent-looking coke from coal which 
colliery owners would never have put into beehive ovens to coke it— 
the lower qualities of coal, if put into a beehive oven, gave a coke 
which was no use at all—the blast-furnaces would be supplied with 
a coke which looked all right but which went to “ mush ” in the 
furnace, and up went the coke yield and the cost of the pig iron. 

He had been very interested to hear Mr. Evans say that, after 
ten years of research, the true test of coke was still the blast-furnace, 
and that was the only test that the man who was concerned with the 
costs of his blast-furnace could really take any notice of at the present 
moment; but he was very pleased to hear that the Committee 
hoped that the work which they were now beginning on the new test 
brought forward by Professor Riley would give a prospect of obtaining 
some further information on coke, and that it might be possible to 
find what were the fundamental properties of coke which really 
made it the material for the blast-furnace which was needed. He 
hoped that that work would be continued and that ultimately it 
would be successful. 
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Dr. F. S. Srynarr (Director of Fuel Research, London) said that 
he had been honoured by being appointed Chairman of the Coke 
Co-ordinating Committee. He would like to take this opportunity 
of making a few general observations on the Report which Mr. Evans 
had introduced. 

In the first place, he said it was recognised that the three Coke 
Committees centred at Sheffield, Newcastle and Glasgow were 
carrying out important and carefully planned investigations. The 
development of the Coke Committees was due almost entirely to the 
personality of Mr. Evans. Mr. Evans had been inspired with the 
idea of the need for an organised attack upon the problem of the 
production and properties of coke and recognised that the problem 
must be developed in various centres throughout the country. The 
spirit he had introduced had led to co-operative research, which was 
all the more valuable because it was superimposed upon the researches 
that many members of the Coke Committees were carrying out in 
their own works and laboratories. He wished to record the great 
amount of work which individual members of the Coke Committees 
had done and the expenditure they had incurred in helping forward 
the co-operative movement although they were engaged upon 
researches themselves. 

The success of all the Committees had depended in a large measure 
upon the enthusiastic work of the Chairmen. The three Chairmen, 
Mr. W. J. Brooke, Mr. A. H. Middleton and Mr. T. H. Thorneycroft, 
had devoted a great deal of their valuable time to the Committees 
and to close consultation with Mr. Evans. 

The Report which had been prepared by Mr. Evans and Mr. 
Ridgion was a summary of the work of the three Coke Committees 
during the past ten years. The original reports were very detailed, 
and the Blast-Furnace Committee of the British Iron and Steel 
Federation, which was the Committee responsible for the work of 
the Coke Committees, decided that it would be well to have the 
investigations co-ordinated as far as practicable. In order to do 
this they appointed the Coke Co-ordinating Committee, which 
consisted of three officers of each Coke Committee, the Chairman, 
the Director or Scientific Advisor and the Scientific Officer, with a 
Chairman. 

The first duty of the Co-ordinating Committee was to review 
the present Report, which contained a very concentrated description 
of the work of the three Committees. He hoped that they had not, 
in the ordinary chemical sense, concentrated it to dryness, and that 
it would be found not quite so dry as it was concentrated. If 
Members of the Institute wished to have any further information or 
supporting data they could obtain them by reference to Mr. Evans. 

It might be interesting to mention that as a result of the meetings 
of the Co-ordinating Committee certain important actions had been 
taken which would reflect on the work of the Coke Committees in 
the future. They had placed the problems connected with coke in 
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an order of priority, and in doing this they recognised three things. 
First, they recognised that the strong local interest must be satisfied. 
Local problems must be studied, because the local coals were 
characteristic and the result of these studies would be of importance 
to the industry of the district. Secondly, there had been a most 
important development in the recognition of the need for fundamental 
work. This had arisen from the feeling of dissatisfaction which was 
experienced when no solution could be found for an important 
problem. Each Committee had started some fundamental work, 
and he thought they must be congratulated on coming to this con- 
clusion. It was essential that a certain proportion of the work 
must be of a fundamental nature and be associated with the more 
practical side of the investigations. ‘This was necessary if the whole 
movement was to be carried forward in an active manner, as the 
fundamental work was increasingly important in such a complex 
problem. Thirdly, they recognised that there was the national 
standpoint to be considered. It was necessary to extend the range 
of caking coal suitable for the production of first-class metallurgical 
coke. Some of the very best coking seams were rapidly being 
worked out, and it was a most important matter to know how to use 
coal which was not quite so good to make coke which was first-class. 

The Co-ordinating Committee would greatly value any criticisms 
which the Members of the Institute might care to make, but the 
range of interest was so wide that he hoped that on this first occasion 
the criticism would be constructive so that the Committee might go 
forward reinforced by information given during the discussion. 

Mr. Evans had mentioned that the Fuel Research Board was 
interested in the investigations of the Coke Committees. The Board 
considered that these investigations were a vital aspect of fuel 
research, and it was very gratifying to the Board to find that this 
movement was being supported by so many firms interested in the 
production and utilisation of coke. 


Mr. J. B. R. Brooke (Scunthorpe, Lincs.) said that the authors 
were to be congratulated on the comprehensive way in which they 
had presented the work of the Research Committees. It was 
obvious even to those not previously intimately associated with it 
that a very great deal of work had been done, and, whilst as yet 
there were not a great many definite conclusions to be drawn from 
the work in progress, those which had been reached were very 
valuable. Probably one of the most important of these was that it 
was proved—he had been going to say without any remaining doubt, 
but what Mr. Evans had said in introducing the Report made him 
hesitate to say that, and he would say without amy appreciable 
doubt—that the mechanical condition of coke could be quantita- 
tively measured. That in itself was a conclusion of major importance ; 
and the fact that there was definite evidence to prove that the shatter 
and abrasion tests, when read in conjunction with each other, were 
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reliable as an indication of at least a minimum quality was probably 
more important than the mere establishment of the tests. It was 
also with satisfaction that he noticed that the authors recommended 
the Cochrane test for measuring abradability. It was misleading 
to have the results of a test which might possibly give an indication 
of the shatter rather than the abrasion when one was attempting 
to test the abradability of coke. Those conclusions, which could 
now be regarded as definite, were particularly welcome, not only 
from a scientific point of view but in view of the present dearth of 
coking slacks and the search for coals hitherto thought non-coking 
to act as blends, as they formed a criterion by which any alteration 
in coking slack mixture could be judged. 

He had been interested to hear Dr. Sinnatt say that the work 
was now looked upon as of national importance. There was no 
doubt that it was so, not only from the point of view of endeavour- 
ing to make a better coke from worse coking coals, but also, in his 
view—and this was a point to which he would ask the Committee to 
give some consideration—from the point of view of differentiating 
between the types of coke which were used for domestic and for 
metallurgical purposes; because, if there was a shortage of coke and 
if there was a shortage of the right type of coking slack, it would 
seem to be wise to endeavour to find out which types of coke were 
most suitable for metallurgical purposes and not to use those for 
domestic purposes. The authors had shown beyond any shadow of 
doubt that coke of a size less than 1} in—the size might be criticised 
—was of more value for domestic than for metallurgical use. He 
did not know whether he was right in assuming from the Report that 
the reactivity tests indicated that there was, or might be, a difference 
in the requirements of the domestic and metallurgical user. 

Whilst he appreciated the extreme importance of the standard- 
isation of the abrasion and shatter tests, he was particularly interested 
in the method of sampling moisture used by the authors. The 
mathematical accuracy of the method of sampling was very definitely 
superior to the method of getting the sample for the abrasion and 
shatter tests, and he was going to suggest—it might be an utterly 
impracticable suggestion, but the Committee could consider it— 
that instead of 28 lb. of coke being taken, for example, in the 
Cochrane test, 2 or 3 cwt. should be taken and used in a drum 10 ft. 
or so in diameter. It was obvious that a larger number of units of 
pieces of coke must, in view of the size of the pieces, be taken if a 
representative sample was to be tested. 


Professor H. L. Ritey (Newcastle-on-Tyne) emphasised Dr. 
Sinnatt’s tribute to Mr. Evans and to the work which Mr. Evans and 
Mr. Ridgion had done in drawing up their Report. Personally, 
he felt almost a newcomer to coke research; it was about four years 
since he joined the Northern Coke Research Committee, knowing 
nothing at all about coke except that there was such a substance. 
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He had the task of going through a great deal of the past work, and 
he felt that perhaps a more fundamental attack on the problem 
would be useful. It was with some trepidation that he introduced 
those ideas, but, with Mr. Evans’ encouragement, he went forward, 
and they had Mr. Evans to thank for some of the results which had 
come out recently. 

He would also like to pay a tribute to Dr. Sinnatt. Dr. Sinnatt 
did not mention the fact, but he believed that all the Coke Research 
Committees were working in very close collaboration with the Coal 
Survey Laboratories of the Fuel Research Board, and in Newcastle 
they had received considerable help from Dr. Jones, who was in 
charge of the Survey Laboratory there. He did not think that that 
was mentioned in the Report, but it was an omission which should 
perhaps be rectified. 

He would like to say something about the future of coke research 
and how it was intended to develop it in Newcastle. The problem 
was an exceedingly difficult one. It was in some ways more difficult 
than the problems which had to be dealt with in metallurgy, because 
there was no way of looking directly at coke, as could be done with 
metals, and seeing the microscopic structure ; the only way of getting 
at the real fundamentals of the chemistry of carbon was by means of 
X-rays, and they were now starting in Newcastle to deveiop research 
on those lines. The work which they were doing would, he thought, 
prove of importance not only to the fuel side of coke but to the 
chemistry of carbon, a subject of obvious importance in the metal- 
lurgy of iron and steel. Far too little was known about solid carbon ; 
in fact, it was only in recent years from work in Germany, particularly 
by Professor Ulrich Hofmann in Berlin and by Professor Berl in 
Darmstadt, that a deeper fundamental insight into carbon chemistry 
had been gained. He would like to refer very briefly to some of the 
work which had been done in Germany and try to indicate its 
importance in fuel chemistry and to the iron and steel industry. 

By means of X-rays it was possible to determine, by methods 
worked out by von Laue and Brill, the actual size and shape of the 
crystallites, using the word in the metallurgical sense, in carbon. 
The crystallites could vary in size from very small sub-colloidal to 
macroscopic dimensions. In active carbons the crystallites were of 
the order of 15-20 A. in size and disc-like in shape. The graphite 
lattice consisted, of course, of a number of hexagon planes arranged 
in a layered lattice. The carbon atoms in the layers were about 
1-4 A. apart, and the layers were about 3:4 A. apart. That was the 
form of the graphite crystallite which was present in coke. Even 
in well-developed specimens of Ceylon graphite the lattice was not 
ideal; a certain amount of distortion was present. Whe crystallites 
in Ceylon graphite were of quite large dimensions, probably more 
than 1 mm. With active carbons the crystallites had a and b axes 
of an average length of about 15 A. and a c axis somewhat less than 
this—extremely small structures. As the crystallites became 
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smaller, the lattice broke up into what were called layer packets. 
One might have, perhaps, three planes in perfect crystallographic 
order, and then slip took place. Disorder developed in that way, 
and, as the crystallites became smaller still, the individual packets 
might consist of only one plane. Such a structure was crystalline in 
a certain sense; it had order in two dimensions but disorder in the 
third. In the active carbons there was a two-dimensional lattice, 
which had been referred to by Berl as a mesomorphous state, as 
being between the amorphous and the crystalline state. That was 
quite an important point to bear in mind in the combustion of 
carbon, because, as coke burned in the blast-furnace or cupola, the 
crystallites must become smaller and pass through that condition. 
The suggestion for that interpretation of the X-ray spectra of active 
carbons by the existence of a mesomorphous state was put forward 
by Berl and Arnfelt, and had been recently confirmed by Ulrich 
Hofmann. 

Another important aspect from the standpoint of metallurgy 
was the metallic character of the graphite lattice. Graphite had 
metallic properties in one dimension. A well-developed crystal of 
Ceylon graphite had an electrical conductivity greater than that of 
mercury and a heat conductivity almost equal to that of copper in 
one direction. This illustrated how closely the chemistry of graphite 
was allied to that of the metals. The limitation of metallic proper- 
ties to one direction was possibly a simplification, and might permit 
of fundamental information being gained about the properties of 
metallic electrons. He made that tentative suggestion for this 
reason, The hexagon planes of the lattice were definitely organic in 
nature. The organic chemists had already gained considerable 
information about the wave functions of the electrons associated 
with large aromatic molecules, and it was possible that an extension 
of this knowledge to still larger aromatic compounds, particularly 
those of the triarylmethy] class, would provide fundamental informa- 
tion about the properties of metallic electrons. 

The one-dimensional metallic properties of graphite could be 
further illustrated by reference to some work of Fredenhagen and 
his co-workers in Germany on some alloys of graphite. If one 
melted a strongly electro-positive metal such as potassium and 
dropped a piece of graphite into it, one obtained a potassium 
graphite compound which approximated closely in composition to 
C,K. An X-ray examination of that compound carried out by 
Schleede and Wellmann showed that the potassium atoms had 
penetrated between the hexagon planes of the graphite lattice and 
given a layered-lattice compound. If this compound was decom- 
posed by heat, it did not decompose in any haphazard way, but 
alternate layers of potassium atoms were eliminated and another 
of these layered-lattice compounds, C,,K, was obtained. These 
compounds were really one-dimensional alloys, and illustrated in a 
remarkable way the metallic properties of the graphite lattice. 
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Another interesting property of the graphite lattice was that 
besides electro-positive metal ions, electro-negative ions could 
penetrate between the layer planes, e.g., the formation of graphite 
bisulphate. Reactions of this type were, in certain respects, 
similar to the reaction of a metal with an acid. 

He thought it would be seen from those few remarks that, apart 
from the chemistry of carbon in respect of its use as a fuel, the 
fundamental chemistry of graphite was of extreme importance in 
metallurgy. It was only necessary to think of such questions as 
the rdle of elementary carbon in iron and steel, and to what extent 
did the size of the carbon crystallites affect the electrical and chemical 
forces which existed at the iron-carbon interface. They had those 
problems in mind in Newcastle. Whether they would get any 
useful results he did not know, but they hoped that by applying 
modern physical methods to research in that direction they would 
be doing something which would be of real service to the iron and 
steel industry. 


Mr. H. E. BiaypENn (Newcastle-on-Tyne) congratulated Mr. 
Evans and Mr. Ridgion on the very excellent way in which they had 
summarised the work of the Coke Research Committees. The 
President had expressed complete agreement with Mr. Evans’ 
statement that the only test of coke was the blast-furnace, and one 
often heard a similar statement applied to tests of the properties 
of coal, namely, that the only test of the coking properties of coal 
was the oven. In spite of those statements, however, he thought 
that one of the most important indications contained in the Report 
was that more was known of the factors determining coke quality 
than of the factors which determined the suitability of coke for the 
blast-furnace. It was now some fifty years or so since Bell and 
Thérner had emphasised the importance of the reactivity or com- 
bustibility of cokes as applied to the blast-furnace, and Mr. Brooke 
had referred to the same subject, namely, the reactivity character- 
istics distinguishing a coke suitable for domestic purposes from a coke 
eminently suitable for metallurgical processes. It was a very 
remarkable fact, he thought, and probably one of the clearest 
indications that the present Report gave, that, in spite of the fifty 
years which had elapsed and the immense amount of work done on 
the combustibility of coke, it was found that as far as blast-furnace 
work was concerned, specific reactivity—i.e., reactivity as generally 
measured experimentally—was of minor importance in the blast- 
furnace; the factor which was of dominant importance was clearly 
shown to be the mechanical strength. He did not think that any 
blast-furnace operator would express doubts on that matter. It 
brought one back to exactly the original position in regard to opinions 
on methods of testing coke. The President had described experi- 
ences in which he had taken part involving the change-over from 
beehive to patent oven coke, and had effectively expressed the 
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difference in performances by saying that one was ‘“‘ mush ”’ in the 
furnace and the other was satisfactory. Very fortunately for the 
industry, Mr. Evans and Professor Riley had not found it necessary 
to use such standards in their recent comparisons of foreign and 
English cokes. 

He would like to hear the question of mechanical strength more 
fully discussed. It was quite obvious, in reading the Report, that 
mechanical strength was the dominant factor in coke, and in that 
connection he thought that Professor Riley had indicated that the 
time had now come for a completely new orientation of ideas and 
research on the question of the hardness and mechanical strength of 
coke. Mr. Evans had said that the shatter test and impact strength 
test were not sufficient as an indication of the blast-furnace efficiency 
of cokes. He considered that it might be taken that abrasion tests 
and drum tests in various forms were not in themselves, or even 
combined with the shatter test, a sufficient indication of blast- 
furnace quality. The fundamental research which was necessary 
was, he was convinced, of the type which Professor Riley had so 
ably initiated in Newcastle and which Mr. Evans had so very capably 
and enthusiastically supported, namely, an examination of the 
origins of differences in actual strength of coke material. They lay, 
he did not think it could be doubted, obviously in the micro- and 
sub-microstructure of the carbon material. He thought that one 
of the chief implications of the Report was that it was necessary to 
turn to new ideas and new methods of investigating the hardness of 
coke, hardness in the sense of mechanical strength as it affected the 
resistance to breakage by impact, abrasion, pressure and similar 
factors. 





CORRESPONDENCE. 
(Figs, A and B = Plates XXIII. and XXIV.) 


Dr. R. A. Mort (Midland Coke Research Committee) wrote that 
he was sure that most people would find that the summarising 
Report of Messrs. Evans and Ridgion on the work of the Coke 
Research Committees would serve a very useful purpose. Most of 
our supposed hard facts were at the best only half truths, but to 
convert these half truths to real truth involved a number of amplifica- 
tions and qualifications, and the truth—the real facts—required 
quite a lot of words for its expounding. The authors had stated 
simply, with economy of words, the outstanding results of the work 
of the Coke Research Committees. They had converted the half 
truths to what he might call three-quarter truths, which in itself 
was a considerable advance. 

He wished to draw attention to a method of revealing the 
structure of cokes of which extensive use had been made by the Coke 
Research Committees. Fig. 1 of the Report was only intended to 
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show outstanding differences in the external shape of coke—to 
many the cokes would appear to be of similar value—but sections 
showing the internal structure (the fractures being infilled by plaster 
of paris by the method of H. J. Rose) showed how different the 
cokes really were, the cokes which were weak being found to be 
much fractured. Fig. A showed the external appearance of typical 
Welsh, Durham, Yorkshire, and Derbyshire cokes, and Fig. B 
reproduced the internal structure of the same cokes. 

With regard to the testing of the abradability of coke he would 
like to draw attention to p. 11, where the Cochrane test was re- 
commended for general use. The only description of the test was 
that which appeared in the Journal of the Institute in 1918, and was 
repeated in the book ‘“‘ Coke for Blast-Furnaces ” published by the 
Midland Coke Research Committee. There were one or two details 
in which the design of the apparatus could be improved, using, for 
example, a flush fitting lid, and welded construction. He had 
found it also an advantage to raise the drum by 6 in. to allow it to be 
emptied more easily. He believed that it would be advisable to use 
manganese steel for the drum and make it of }-in. plate. The test 
has now been accepted by the British Standards Institution as a 
standard test for measuring the abradability of coke. 

The following specification of the test should be of use to those 
who wished to adopt it. 


The Drum Abrasion Test. 


Note.—The drum abrasion test was based on that introduced 
by Mr. G. D. Cochrane in 1909 at Ormesby Ironworks, Co. Durham, 
as a modification of the drum test used by Sir I. Lowthian Bell.” 
Cochrane, as a result of nine years’ experience of the test, stated that 
where the abrasion index fell below 74 the driving of the blast- 
furnace deteriorated,? a result which had been confirmed by ex- 
tensive use of the test at other blast-furnace plants.* 

(1) Sample.—The sample shall consist of about 100 lb. of coke 
sized by hand to pass a 3-in. and to remain on a 2-in. British Standard 
coarse mesh sieve. The sample shall be prepared from a gross 
sample collected by increments distributed evenly over the whole 
consignment, and the pieces taken shall represent the sizes of the 
lumps over 2 in. in size in the consignment. The lumps over 8 in. 
in size shall be broken to pass a 3-in. and remain on a 2-in. B.S. 
coarse mesh sieve. The sample shall be dried. 

(2) Apparatus.—The drum abrasion test apparatus shall consist 
of a welded steel drum of 30 in. internal diameter and 18 in. internal 


1 See Mott and Wheeler, ‘‘ Coke for Blast-Furnaces,? p. 53. London, 
1930: The Colliery Guardian Co., Ltd. 

2 Journal of the Iron and Steel Institute, 1904, No. I., p. 188. 

3 Journal of the Iron and Steel Institute, 1918, No. I., p. 141. 

at for example, Journal of the Iron and Steel Institute, 1936, No. II., 
p- P. 
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External Views of Typical Cokes from Different Districts. 
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length and of not less than }-in. plate with a horizontal shaft of 
1} in. diameter passing through the drum and mounted on suitable 
bearings. Two angles, 2} by 24 in. by 3 in., shall be welded to the 
internal surface of the cylindrical portions of the drum at opposite 
ends of a diameter, and inclined at an angle of 17° to a horizontal 
plane passing through the axis of the drum and the centres of the 
angles, the legs of which shall point in the direction of rotation of 
the drum. The two angles are mutually inclined (Fig. C). The 





Flush-fitting lid, fitted 
with rubber Wosher. 







































Bolancing Plape 
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(a) 


Fie, C.—Drum Abrasion Test Apparatus. (a) Vertical sections through 
drum, (b) Charging-hole cover. 

















charging-hole cover shall be fitted at 90° to the horizontal plane 
passing through the axis of the drum and the centres of the angles, and 
shall be flush with the internal surface of the drum, a convenient 
way of fitting, with an aperture 12 by 12 in., being illustrated in 
Fig. C (6). A balancing plate is welded to the outside of the drum, 
diametrically opposed to the charging-hole cover. The bearings 
shall be mounted on suitable side supports to allow a clearance of 
at least 12 in. below the drum for convenient emptying after a test. 
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The drum shall be driven at a speed of 18 + 2 r.p.m. by suitable 
pulleys or gearing, a revolution counter being conveniently used to 
record the total number of revolutions. A rubber washer on the 
charging-hole cover may be used to make it dust-tight. 

(3) Description of Test—Twenty-eight pounds of coke, dried or 
air-dry, screened by hand to pass a 3-in. and remain on a 2-in. 
B.S. coarse mesh sieve, shall be placed in the drum, the lid screwed 
on, and the drum rotated for 1000 revolutions. The contents of the 
drum shall be emptied completely into a suitable container and 
shaken on a }-in. B.S. coarse mesh sieve. The residue on the sieve 
shall be weighed to the nearest ounce and calculated as a percentage 
(given to one decimal place) of the original coke. 

(4) Statement of Results.—At least three tests shall be made and 
the results averaged, and the mean shall be reported to the nearest 
whole number as the “ British Standards Institution abrasion 
index.” 





AUTHORS’ REPLY. 


The AvuTHoRs, replying to the discussion, expressed on behalf 
of the Coke Co-ordinating Committee and themselves their gratifica- 
tion at the reception which the Report had received. It had 
naturally given them very considerable work to bring all the details 
given in the Report into focus, and the points raised in discussion 
would receive the closest attention at the next meeting of the 
Co-ordinating Committee. 

The points raised had not been of a controversial character, 
but the authors might perhaps deal briefly with some of them. 

The President, in referring to the inability of beehive ovens to 
deal with coal of anything but the best quality, had raised a point 
that was of considerable interest and was valuable for reference 
purposes. 

Dr. Sinnatt had dealt with the work of the Co-ordinating Com- 
mittee; it was hoped that this Committee would be of increasing 
value in the future, not only in the co-ordination of work in progress, 
but also in the facilities it offered for the interchange of experience 
and ideas. 

Mr. Brooke’s suggestion of a modified method of sampling 
coke for moisture content was interesting, and would be considered. 

Professor Riley had outlined some of the possibilities of the new 
developments of coke research which he had initiated, and his 
recent work on the structure of carbon promised to be of assistance 
not only in coke research, but also in the complex metallurgical 
problems in which carbon and graphite played an important part. 

Mr. Blayden had emphasised the importance of mechanical 
strength and its relationship to the fundamental structure of the 
carbonaceous material. 
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Dr. Mott’s contribution was a useful addition to the Report, 
and the authors were particularly grateful for his supplementary 
photographs showing the internal structures of cokes from different 
districts. 

The reception given to the Report, not only in discussion, but 
as revealed in the demand from individuals and organisations 
interested in the subject, had shown the value of co-ordinated 
summaries of this character. The Report set out the position as 
it was in 1936; but the tempo of the work was increasing. New 
ideas and new experimental methods were being developed by all 
three Coke Research Committees, particularly on the fundamentals 
of coke technology; and the authors thought that it would be 
necessary at a comparatively early date for the Co-ordinating 
Committee to prepare, for submission to the Institute, a further 
summary showing the results of this later work. They felt that 
the Committee would welcome an opportunity of presenting this 
as and when the work reached a stage which would justify publication 
on a co-ordinated basis. 
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THE THICKNESS OF OXIDE FILMS ON 
IRON. 


By H. A. MILEY, M.A., M.S., P#.D., (THE METALLURGICAL LABORATORIES, 
CAMBRIDGE UNIVERSITY). 


This paper was printed in Iron and Steel Institute, Carnegie Scholarship 
Memoirs, 1936, vol. 25, pp. 197 to 212. It was presented for discussion at 
the Annual General Meeting of the Iron and Steel Institute on April 30, 1937. 
An abstract of the paper and the discussion and correspondence to which it 
gave rise, together with the author’s reply, are recorded below. 


ABSTRACT. 


New values have been obtained for the thickness of the oxide 
films responsible for the interference colours on iron by measuring 
the millicoulombs of electric current needed for their cathodic 
reduction. The apparent discrepancy between the gravimetric 
and optical results in the past has been explained as being due to 
the invisible oxide carried by the specimen at the time of the first 
weighing. The values obtained also agree well with chemical 
estimations of the thickness of the homogeneous films after removing 
them from the metallic basis. Thus, four methods have been 
brought into satisfactory agreement, and their differences explained 
by the fact that the different methods do not measure the same 
things. 

Having ascertained the accuracy of the new method by com- 
parison with others, it has been used to measure the rate of oxygen 
uptake at ordinary temperatures, and the results point to a rapid 
rate of oxidation for a short time (influenced by temperature 
changes, effective area, and cracking of the film resulting from 
abrasion or other treatment), followed by a relatively slow rate of 
oxidation. Vernon’s observation (T'ransactions of the Faraday 
Society, 1935, vol. 31, p. 1674) that no bright colours appeared on 
iron below 200° C.—even when the amount of oxidation was sufficient 
to have caused colours at higher temperatures—was confirmed. 
The author believes that the oxide formed below 200° C. is y-Fe,O, 
(cubic structure) and the oxide formed above 200° C. is «-Fe,O., 
(hexagonal structure); if the y-Fe,O, is in optical continuity with 
the iron basis (cubic structure), it will afford no adequate lower 
reflecting surface, whereas, if the «-Fe,O, is crystallographically 
discontinuous with the basis it will provide the conditions necessary 
for interference. 
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DISCUSSION. 


Dr. U. R. Evans (Cambridge), in opening the discussion, said 
that one of the main objects of this and other researches in progress 
at Cambridge was to ascertain the laws governing the growth of 
films. Before starting any work of that sort, it was necessary to 
check the method chosen for measuring the thickness against others ; 
in the particular case under discussion the electrical method had 
been tested against two other important methods, as well as two 
less important methods, reasonable agreement being obtained 
between the different sets of results. 

He had endeavoured to encourage that policy in the past 
in all quantitative work; for instance, about nine years ago, when 
Dr. L. C. Bannister was starting, in the Cambridge Laboratory, an 
investigation into the growth of silver iodide films, a preliminary 
comparison of three independent methods of measuring film thick- 
ness was first carried out, leading to three sets of results in en- 
couraging agreement, considering the small magnitudes involved ; 
it followed that during the investigation proper it was possible to 
use with confidence whichever of those three methods happened to 
be convenient. The same policy was adopted at the beginning 
of the present research. He thought that it was very important 
that it should be adopted more widely ; any method of measurement 
might involve errors, and at the beginning of a research one simply 
did not know whether the errors involved in a particular method 
would be serious or not; but if one used on a single set of films three 
completely independent methods of measurement (some of which 
might be expected to give errors in one direction and some in another) 
and if reasonable agreement was obtained between the three sets 
of numbers, it was fairly certain that the numbers were not very 
far wrong. 

The principle of the electrical method of measuring was really 
very simple. The potential drop needed to force a constant current 
through an electrolytic cell had to provide (1) the potential drop 
required to force the ions (or electrons) through the ohmic resistance 
of the system, and (2) the chemical energy of the reactions in progress 
(which might be positive or negative in different cases). If one 
started with a cathode covered with an oxide film possessing an 
appreciable resistance, and if the thickness of that film was dimin- 
ished continuously by the action of the current, the potential needed 
to force the constant current through the cell would steadily fall off, 
but would cease to fall off when the homogeneous film which caused 
the resistance had completely disappeared ; thus the moment of the 
complete destruction of the film would be indicated» If, however, 
the film was highly porous, or if the oxide was intimately mixed with 
the metal, it would produce no appreciable resistance, and the end- 
point would not be marked in the way suggested. On the other hand, 
when the oxide had been completely destroyed and the current had 
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to perform some other function (e.g., the evolution of free hydrogen, 
instead of the reduction of oxide), then the potential needed to force 
the constant current through the cell must rise, because it would 
have to do more chemical work. In such a case, the end-point 
would be marked by a sudden rise of potential. If the oxide were to 
become exhausted simultaneously at all points, and if one could use 
electrical instruments which had no inertia, one would expect a 
sudden rise of the reading, constituting a very sharp end-point. 
Unfortunately, owing to the fact that neither materials nor instru- 
ments were ideal, the reading rose more gradually, and the moment 
of most rapid rise was adopted as the end-point. 

He thought that, when the results obtained by this electrical 
method were compared with those of other completely independent 
methods, they justified its development; he hoped that before 
Dr. Miley returned to his own country, it should be possible to 
present curves showing the progress of the oxidation of iron in dry 
air at ordinary temperatures or temperatures a little above the 
normal, similar to those already produced, by the electrical method, 
for copper. 


Dr. W. H. J. Vernon (Chemical Research Laboratory, D.S.1.R., 
Teddington, Middlesex) said that he would like to emphasise at the 
outset the difficulty of the technique which the author had been 
using, and to pay a tribute to the courageous manner in which he 
had tackled a problem of such complexity. Some little while ago 
the author had contributed an advance note of the work to Nature, 
and the results were then difficult to follow, because of the com- 
pressed nature of the note and the absence of experimental data. 
It was anticipated that when the work came to be published in 
extenso the details would be made available, so that a completed 
picture could be obtained; but in that respect the paper was 
frankly disappointing. Almost the whole of the author’s argument 
was based on the curves shown in Fig. 3. These were described as 
experimental curves, but there were no experimental points on 
them; indeed, so far as smoothness was concerned, they were 
indistinguishable from the theoretical curves shown underneath in 
Fig. 4. The duration of the experiments, which occupied from 
50 to 80 sec., should be noted; some of the more critical parts of 
the curve involved periods of about 10 sec. He had always under- 
stood it to be a cardinal principle that in an experimental paper of 
this kind the data should be given either as plotted points or in- 
corporated in tables, and he thought it was a matter of some serious- 
ness that the principle should be departed from in the present 
instance. 

The point at issue was the actual thickness of very thin oxide 
films on iron. The limiting thickness was represented by films 
that showed the characteristic temper colours, and therefore, if 
interference was the correct and only explanation, should be of 
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the order of thickness of the wave-lengths of light. It was tempting, 
therefore, to apply optical methods for their measurement. The 
author seemed to place great faith in such methods and was rather 
apt to overlook their limitations and the assumptions that they 
involved, particularly as to constancy of refractive index. 

With regard to the electrical method, he would like to ask 
whether the author was quite sure that the whole of the current 
attributed to the reduction of oxide was so used, and that none of 
it was used in the liberation of hydrogen, bearing in mind that 
traces only were sufficient to vitiate the results. 

The author pointed out that the gravimetric results might be 
brought into line with those of his electrical method if it were 
accepted that on a freshly-cleaned specimen of iron at ordinary 
temperatures there was an unavoidable invisible oxide film of a 
thickness of 210 A, i.e., approximately half of that which the author 
gave as the thickness of the straw colour produced at 350° C. 
Personally, he was not prepared to accept that value without con- 
siderably more evidence than had so far been given. In this case 
the author was not supported by available optical data, because the 
highest value that had been published for the oxide film at ordinary 
temperatures was 20 A, which Tronstad obtained for specimens 
prepared by polishing under water, and which doubtless would have 
been associated with hydroxide as well as with oxide. The author 
quoted the photo-electric method as supporting the view of a thick 
film at ordinary temperatures, but actually Hunter had used them 
as an argument for the absence of chemically combined oxygen 
after very short periods at ordinary temperatures. 

The author stated that ‘‘ Vernon believes that the oxide film 
takes days to develop in dry air, because his gravimetric results 
gave very small weight increments.” That, however, was not the 
whole of the story. Actually the oxidation/time curve at 25° (see 
Fig. 5, Transactions of the Faraday Society, 1935, vol. 31, p. 1676) 
showed certain points of inflection, and it was from the disposition 
of the curve that the conclusion was reached that it took days for 
the lattice of oxide to be completed over the whole surface. (It 
would be observed that the oxidation was progressive. Previously 
it had always been assumed that the invisible oxide film at ordinary 
temperatures ceased to thicken, and the absence of visible change 
after long periods had been cited as evidence of this.) Furthermore, 
if logarithms of oxidation rates were plotted against reciprocals of 
absolute temperatures (a method of plotting that gave a straight 
line in the absence of any fundamental change in the oxide film) two 
intersecting straight lines were obtained (see Fig. 2, loc. cit.). The 
critical temperature (200°C.) given by the point vf intersection 
had been confirmed at Teddington by a number of converging lines 
of evidence with which he would not trouble the meeting, beyond 
saying that there had been some misunderstanding as to the origin 
of the 200° point and he had therefore ventured to emphasise it. 
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The “ straightness’ of the separate branches and the accuracy of 
the point of intersection depended on the observed weight-increments 
being employed. If a “ correction”? were employed of magnitude 
anything approaching that proposed by the author, then the 
straight lines became curves and the point of intersection dis- 
appeared. That evidence was admittedly indirect, but it did suggest 
that further evidence was required before the author’s conclusion 
could be accepted. 

It was gratifying that the author confirmed the absence of 
interference colours below 200°C. Dr. Miley’s explanation was an 
interesting and attractive one, namely, that the film of y-Fe,O, 
below 200° C. was cubic in structure and therefore similar to the 
metal, so that it would give no lower reflecting surface, whereas 
above 200° C. this condition was ensured by the different structure 
of the « hexagonal Fe,O,. There would seem, however, to be some 
objection to that view, because it should presumably apply to other 
metals besides iron. Copper, for example, should not give inter- 
ference colours, because the cuprous oxide of which the oxidation 
film was known to consist was even more closely related to the metal 
than was y iron oxide to iron; yet copper actually afforded the 
example par excellence of very beautiful interference colours. 
Personally, he thought it was a question of the lateral continuity 
of the oxide film above 200°C. Below 200°, according to this 
hypothesis (for which there was some support on other grounds), 
it had a granular structure and was not sufficiently continuous to 
give interference, whereas above 200° C. there was a continuous 
film of «-Fe,O, in which interference could take place. 


Dr. T. P. Hoar (Cambridge) said he was very interested in the 
paper, because he thought it had cleared up a number of points 
which, as Dr. Vernon had just said, had arisen in connection with the 
different methods of measurement of oxide films. In the first 
place, he was in agreement with Dr. Vernon’s complaint of the 
lack of experimental points in Fig. 3, but only because of the 
accepted convention that experimental points should be put in. 
Personally, he saw no reason why an author should be considered 
the less honest for representing his experimental data as smooth 
lines rather than as little circles; nevertheless, to indicate experi- 
mental error and to convince sceptical readers, it might have been 
better if the convention had been followed. 

With regard to the explanation of the experimental curves and 
of the final point at which the oxide film was taken to be completely 
reduced, he would like to ask on what evidence the author based his 
assertion that the oxide film had a “ high” electrical resistance. 
It was not possible, from the figures given in the paper and the theory 
proposed, to calculate the resistance of the oxide film accurately ; 
but from rough calculations it seemed that the blue temper-colour 
film had a resistance of between 20 and 100 ohms per sq. cm. That 
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seemed a rather high figure for the resistance of such a thin film when 
it was compared with the specific resistance of ferric oxide as given 
in the literature. That literature was very widely dispersed in 
rather inaccessible journals, and it would greatly assist readers of 
the paper if the author could include in his reply some review of the 
literature of the specific resistance of ferric oxide. The author had 
given only one reference, and did not mention the quantitative 
figure. 

He also thought that it would have been interesting (perhaps 
the author would do it in further experiments) to make actual 
measurements of the potential of the specimen under reduction 
rather than to rely upon the voltage drop across the cell to indicate 
the potential of the cathode. The author said that the polarisation 
of the anode was undergoing no change during the duration of the 
reduction; that assumption required a little more experimental 
proof before one could entirely accept it, because the anodic be- 
haviour of iron was often rather abnormal, being, for instance, 
very susceptible to small traces of impurities in the electrolyte. 
It would be very satisfactory when the author could obtain more 
data concerning the polarisation of the anode and the actual potential 
of the cathode during the run. 

These small criticisms of points of detail did not detract in any 
way from his admiration of the simple and neat technique developed 
by the author for the electrolytic measurement of oxide films, and 
he looked forward to future work on these lines with the highest 
expectations. : 





CORRESPONDENCE. 


Dr. G. D: BenNcovas and Dr. F. WorMwELL (Chemical Research 
Laboratory, D.S.I.R., Teddington) wrote that the author had 
attempted to estimate minute quantities of oxide, present on an 
iron surface, by the cathodic reduction of the oxide by hydrogen 
acting during periods of a few seconds. The results were expressed 
in the form of current plotted against time, and the end of the 
reduction process was deduced from the form of the curves; the 
method was therefore indirect and based on an interpretation of the 
curves. The author, however, had not presented the detailed 
experimental evidence which was necessary in order to assess the 
correctness of his interpretation. 

A further important point was the question whether the author 
was justified in assuming that the whole of the current used in each 
experiment was solely employed in the reductionvof oxide? In 
their opinion the assumption was almost certainly incorrect, since 
hydrogen was evolved when steel was corroded in ammonium 
chloride solutions of moderate strength, even without any stimula- 
tion by an external electrical current such as that used by the author ; 
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hydrogen evolution might be quite invisible to the unaided eye, 
especially in such short experimental times as were used by the 
author, though it might be measurable by other methods. If 
part of the current was actually used in hydrogen evolution, the 
thickness of the film deduced by the author would be too great; 
his agreement with Constable’s figures would fail and his results 
would approach those of Vernon. In addition, the application of 
Constable’s figures, obtained at 550°C., to other temperatures of 
film formation was uncertain. Constable himself stated! that 
“slow oxidation rates were avoided, for they gave anomalous 
results, due to the fact that the oxide attained a terminal thickness, 
corresponding to a definite colour, which increased very much more 
slowly than would be expected from the parabolic law of oxidation.”’ 
The author used relatively slow oxidation at 350° C., and obtained 
colours similar to Constable’s, presumably by the use of longer 
periods of heating, but it had not been established that the relation 
between colour and thickness was similar at the two temperatures, 
and in view of Constable’s statement it was unlikely to be so. 

Below 200° C., including the interesting case of 25° C., Vernon 2 
had shown that the films did not exhibit interference colours and 
were different in character from those formed at higher temperatures. 
Constable’s optical measurement could not, therefore, be used, and 
Evans gave no figure for his method; the author’s method was 
therefore unsupported and his results were in conflict with those of 
Vernon. 

It was surprising that the author should claim (on p.209) that four 
systems of measurement ‘‘ appear to be in accord.” Actually, 
the so-called agreement with Vernon’s and with the author’s 
gravimetric results was only achieved by applying a “ correction ” 
of over 100%, this “ correction ”’ being based on the assumption that 
one of the other methods (the electrical) was correct. An agreement 
of this kind could have no significance on general grounds, and, in 
addition, on the ground that it ultimately depended on the assump- 
tion of a highly improbable weight-increment/temperature curve. 

The author claimed good agreement with the results of the 
chemical method used by Evans and Stockdale. In this laboratory, 
however, the writers had obtained evidence suggesting that the values 
for film thickness given by those authors were too high. 





AUTHOR’S REPLY. 


The AvuTHOR replied that Dr. Vernon, and also Drs. Bengough 
and Wormwell, considered that the points used in obtaining the 
potential-time curves should have been shown in the diagram 


1 Proceedings of the Royal Society, 1928, A. vol. 117, p. 386. 
2 Transactions of the Faraday Society, 1935, vol. 31, p. 1674. 
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given. There might be no exception to the rule of the cardinal 
principle, but it was easy to see that there were cases where the 
need of its application was small in comparison with others. For 
example, (1) if an oxidation-time curve for a metal was to be made 
from weight-increment values, each obtained from a different 
specimen, the need for the application of the rule was obviously 
great. (2) The need was less if the oxidation values could be taken 
at intervals from the same specimen. (3) The need would be still 
less if, in addition to the recorded measurements, all of the oxidation 
values in the intervals could be observed also; indeed the general 
shape of such a curve would be known without any recorded values. 
In such a case the recorded points might be considered to be on 
the curve. The observational errors would be unknown to the 
observer, and accordingly the curve might be judged to pass through 
the single-valued points; if so, it would not be necessary to indicate 
the points on the curve, particularly if the magnitude of the intervals 
between the points were indicated. The present case came into 
this third class of experiments. The points were considered to 
be on the curves, and the differences between various curves obtained 
could be explained by differences in the films themselves. Actually 
the recorded points were often omitted from the curves repre- 
senting the movement of an instrument needle (e.g., cooling curves 
in metallurgy), since the points might confuse the diagram, and 
the errors in reading such an instrument were likely to be no greater 
than the errors in plotting. However, since the request had been 
made, the points would be indicated in future papers. The units 
used for measuring the potential could not affect the interpretation 
of the results, for the potential at each point was a multiple of the 
current. When it was considered that the duration of the experi- 
ments was short enough to introduce difficulties, the periods were 
easily increased by decreasing the current. 

The possibility that a part of the current might be producing 
invisible hydrogen had been raised. This was very carefully 
considered during the research. It was, however, very doubtful 
whether any hydrogen could be produced under the conditions 
adopted; certainly, this error was excluded in the case of copper, 
where good agreement between the electrical and optical thicknesses 
was found. Moreover, oniron the same values were obtained at the 
higher and lower current densities used, although any hydrogen 
evolution would certainly vary greatly with the current density. 
Finally, certain recent measurements (offered for publication) on 
the loss of weight of specimens after sufficient cathodic treatment 
to reduce part of the oxide only, was in good agreement with the 
millicoulombs expended, and excluded the idea that any appreciable 
fraction of the current was devoted to the production of hydrogen. 

The author agreed with Dr. Hoar and others that it would be 
interesting and possibly helpful to study the component parts of 
the cell separately. Few, if any, experiments were ever made 
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without the theoretical possibility of some errors being involved. 
In the present work the electrolyte and other conditions had been 
chosen with the purpose of avoiding any complications from 
polarisation or other changes that would appreciably affect the 
end-point marking the completion of the reduction of the homo- 
geneous film, and the agreement between and the consistency in 
the results obtained with fresh electrolyte and clean specimens 
had led to the conclusion that the possible errors were rendered 
inappreciable. 

A rapid oxidation of metal prepared in air was indicated by the 
electron diffraction work of Dobinski, Nelson, Preston and Bircum- 
shaw, and others, the electrical work of W. J. Miiller and Machu,} 
the optical measurements of Freundlich, Patscheke and Zocher, 
and Tronstad and Hoéverstad, as well as several independent re- 
searches from the Cambridge Laboratories. Notwithstanding 
this work, Dr. Vernon apparently still held that it required several 
days to complete the first unit-cell oxide-layer on iron in air at 
ordinary temperatures. The slowness of his weight increase was 
doubtless due to the fact that the initial rapid increase had occurred 
before his first weighing. The author did not overlook the shape 
of Dr. Vernon’s weight-time curve (see p. 200). The inflection point 
supposed to mark the completion of the first layer could surely be 
interpreted in several ways—if it existed at all. Recent examina- 
tion of Dr. Vernon’s experimental data by Price * made it doubtful 
if the inflection were real. Price’s microbalance results—still 
incomplete—had so far failed to detect it. It was not correct to 
judge the protective effects of the relatively thick film on an abraded 
surface by the quantity of oxide or the dimensions of the film. 
Such films were not protective in any general sense. Clearly, if 
the film had not been broken up, discontinuous and variable, it 
would not have become thick so quickly. However, it might be 
mentioned here that Price also considered that Dr. Vernon’s points 
connecting log W with 1/7’ fell equally as well on a single smooth 
curve. 

Dr. Vernon had referred (here and elsewhere) to the photo- 
electric work of Hunter, but he did not mention that of Rentschler 
and Henry. Dr. Hoar pointed out that these apparently con- 
flicting results were both consistent with the views which had been 
given concerning the oxidation of strained and unstrained metals. 
Hunter used turned surfaces and Rentschler and Henry used 
surfaces which had been produced by the evaporation and con- 
densation of the metal in vacuo. The author had referred to the 
photo-electric method in the light of the consistency of its results 


1 Monatshefte fiir Chemie und verwandte Teile anderer Wissenschaften, 
1932, vol. 60, p. 359. Zeitschrift fiir physikalische Chemie, 1932, vol. 161, 
p. 411. 

2 Discussion of Dr. Vernon’s paper, Symposium on ‘‘ The Mechanism of 
Solid Film Formation.”’ Faraday Society, May 3, 1937. 
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with the view that an oxide film was formed quickly on metal at 
ordinary temperatures.! 

The amount of oxide had long been known to be greater on 
rough surfaces than on smooth ones and the alleged discrepancy 
between the 20 A. thickness obtained on Tronstad’s mirrors and 
the 210 A. obtained after relatively coarse abrasion was easily 
explained. The latter amount contained much oxide caused by the 
relatively high transitory temperature, the greatly increased 
accessible area, and the strained and disorganised metal of a vigorous 
abrasion operation, and also a day’s exposure to dry air at ordinary 
temperature. It should also be remembered that the 210 A. value 
represented the thickness that would be obtained by spreading 
the oxide uniformly over the apparent area and that the local 
thickness was not nearly so great. It might be recalled here that 
the films formed at ordinary temperatures had been stripped 
from the abraded iron base in the Cambridge Laboratory and by 
litaka, Miyake and Iimori by electrolysis, and that the films would 
have to be reasonably thick to be removed in that way. Nelson’s 
results * indicated that abraded massive iron (dry) was heavily 
oxidised. The 20 A. amount contained only the oxide formed on 
a smooth (mirror) surface in the absence of all the abrasion factors 
mentioned above. Dr. Vernon referred to the 210 A. amount as 
being unavoidable. It possibly should be mentioned that this 
amount of oxide was unavoidable only so long as the conditions 
of treatment and exposure were fixed. Indeed, a very different 
amount of oxide could result from a change in the abrasion, exposure 
or other conditions. Such differences in the preliminary oxidation 
might account satisfactorily for the large variations in the gravi- 
metric results reported in the literature. Otherwise it would be 
difficult to explain these differences in the results of a single method. 

As a step towards a possible working hypothesis, the author 
had suggested that the bright colours observed above 200° C. and 
the absence of these colours below that temperature might be due 
to the different optical conditions produced at the metal-oxide 
reflecting surface—the oxide below 200° C., having a lattice structure 
similar to that of the metal, might be optically continuous with 
the metal and produce a poor inner reflecting plane, whereas the 
oxide above 200° C. was dissimilar and might produce a good 
reflecting plane. Dr. Vernon’s objection to this suggestion was 
both reasonable and acceptable. But it appeared to be just as 
reasonable and acceptable when applied to Dr. Vernon’s own sug- 
gested explanation of the lack of colours on iron below 200° C. 
Since the lattice structure of the metal and oxide were different 
above 200° he considered that no pseudomorphism would develop 
and that the film would be laterally continuous and give normal 
interference effects, whilst below 200° the similarity in the lattice 

1 Metallurgist, 1937, p. 25. 
* Journal of Chemical Physics, 1937, vol. 5, p. 252. 
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structures would cause the film to develop pseudomorphically and 
the repeated partial breakdown of the pseudomorphic film would 
develop a granular film that was laterally discontinuous and would 
not give normal interference colours. This suggested explanation 
of Dr. Vernon was also interesting and attractive, but the question 
naturally arose as to its application to other metals where such 
developments appeared equally as favourable as for iron. He 
pointed out that the oxidation film of copper was more closely 
related to the metal than was y-iron oxide to iron, and yet in the 
Same temperature range where iron produced no colours copper 
exhibited beautiful interference colours. Thus, it appeared that 
an explanation should be sought which included factors other than 
the lattice relationships between the oxide and the metal. It 
might be mentioned that the author had seen this need and recorded 
his extended views before he knew about Dr. Vernon’s objection 
mentioned above.! It had been pointed out that there were at 
least three factors which had to do with interference. One was 
the reflection at the back of the film, and that was dependent on 
two things, namely, the smoothness of the surface and the optical 
continuity conditions. The second factor was the transparency 
of the film, and the third the uniformity of the film. If the intensity 
of the emerging light were plotted against the wave-length of light, 
a broad absorption band would be obtained. In the particular 
case under discussion, he thought that the band was too broad to 
give colours. The bands obtained optically by Constable were 
rather broad, but the y-oxide was considered to be less transparent 
and possibly to provide a better inner reflecting surface than the 
«-oxide studied by Constable. Either or both of these differences 
would cause the absorption bands of the y-ferric oxide to be broader 
than those of the «-ferric oxide. Thus, it was possible that two 
metals such as copper and iron might have identical lattice relation- 
ships with their respective oxides and yet produce very different 
interference effects, owing to great differences in the transparency, 
uniformity or smoothness of the films formed. It was not possible 
yet to determine the influence of the several factors on the inter- 
ference effects, but it did appear that all the observations could 
be explained in terms of interference phenomena. 

In response to Dr. Hoar’s suggestion, the author was glad to 
give more information about the electrical resistance of normal 
ferric oxide. The best specific resistance value for the oxide in 
the films studied in the present work should be obtained for those 
near the straw-yellow region (see curve II., Fig. 3). From Fig. 4 
(curve II.) it was clear that all of the potential represented by the 
vertical distance between N, and the point where the straight 
part of the curve V,P, (when extended) intersected the potential 


1 See discussion of Mehl and McCandless’ Paper, American Institute of 
Mining and Metallurgical Engineers, 1937, Technical Publication No. 780. 
Metallurgist, 1937, pp. 25, 37. 

1937—i 2E 
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axis was due to the electrical resistance of the film. The equivalent 
thickness of the film might be represented by OY of Fig. 3. Hence, 
with these estimates of the thickness and potential and the known 
constant current the specific resistance of the oxide could be 
estimated. A tentative value of 1-5 x 10’ ohms per cm. had 
accordingly been estimated for the specific resistance of the oxide 
in these more perfect films. 

By extrapolating below 400° C., a logarithmic straight line 
obtained from the data given by Somerville a value of the order of 
4 x 10° ohms per cm. was estimated for the specific resistance of 
compressed ferric oxide powder at ordinary temperatures. Bidwell 4 
produced compact rods of ferric oxide and obtained a resistance 
value of more than 10’ ohms at ordinary temperatures, and from 
the dimensions of the specimens it might be judged that the specific 
resistance was more than 4 x 105 ohms per cm. He found that 
the value of the resistance varied from 1 or 2 ohms when the 
specimens were of magnetite to more than 10’ ohms when they 
were of ferric oxide. In making comparisons between possible 
resistance values one should judge the purity and form of the oxides 
also; either of these factors might greatly influence the resistance 
values. Other references to resistance values for the oxides on 
iron and some other metals would be found elsewhere.?* 

Drs. Bengough and Wormwell seemed to misunderstand Con- 
stable’s views. The statement they quoted was found on p. 386, 
and on the following page Constable stated ‘‘ the curves obtained 
from the spectrophotometric observations were in all cases sufficient 
to establish interference as the main cause of the colour sequences 
shown by these metals on oxidation.”” That the anomalous results 
mentioned in the quotation, which they gave, were connected with 
surface temperature conditions, and not with the relation between 
the thickness and colour of the films, could be seen clearly from 
Constable’s further discussion of them.* He might have thought 
that the parabolic law of growth failed to be valid below 550° C., 
but there was no reason to think that he doubted that the colours 
at, say, 350° C. were due to interference. On the contrary, Con- 
stable’s curves (loc. cit., p. 381) for iron at 380° C. compared very 
favourably with those for the respective colours on steel at 550° C. 
(p. 382); for example, he found that the absorption band for 
violet fell at the same wave-length and represented the same thick- 
ness value at the two temperatures. Evidently he considered the 
interference method quite valid at 380° C. (only 30° C. higher than 
the temperature employed in the present work). The criticism, 
therefore, lost its force. 


1 Physical Review, 1917, vol. 10, p. 756. 

2 Mellor, ‘“‘A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry,”’ vol. 13, pp. 750, 798. London, 1934: Longmans, Green & Co. 
Pietenpol and Miley, Physical Review, 1929, vol. 34, p. 1593. 

3 Nature, 1934, vol. 134, p. 100. 
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The correlation between optical and electrical methods appeared 
to be as satisfactory as could be expected; that between gravi- 
metric and electrical methods was—as pointed out by Drs. Bengough 
and Wormwell—less direct, because the difficulty of weighing 
before considerable oxidation had taken place had made it necessary 
to apply a correction obtained by another method. The several 
methods had yielded the following thickness values for the straw- 
yellow film on iron (see Metallurgist, loc. cit.): Optical, 460 A.; 
chemical, 420 A. ; electrical, 440 A.; and gravimetric, 390 A. (cor- 
rected for the invisible oxide on the surface at the time of the first 
weighing but not for any oxide of the mixed zone that might have 
been incorporated in the homogeneous film during heat-tinting). 
This and other comparisons led to the author’s statement that 
‘four systems of measurement appear to be in accord.” Further- 
more, the simple colour method (using Kundt’s value for the index 
of refraction and Rollett’s equivalent-air-thickness value) gave 
424 and 453 A. for the thickness of brownish white and clear brown 
oxide films on iron. The assumptions made in applying the simple 
colour method were well known, but it was interesting to note that 
for iron, as well as for some other metals, it gave values of the same 
order of magnitude as several other methods. This index of re- 
fraction value would have to be increased by about 200° in order 
to provide a thickness value of the order of 140 A., which was Dr. 
Vernon’s gravimetric value for the thickness of an orange (straw- 
yellow) film. Such an index of refraction value was _ possibly 
unknown; at least, the author had been unable to find one so large 
in any table of inorganic compounds. Here and elsewhere Dr. 
Vernon had alluded to a possible error in the optical results due to 
any difference in the index of refraction values for massive oxide 
and that in the films. The assumed constancy of index of refrac- 
tion might introduce an error in the optical results, just as the 
assumption of constancy of density might influence the gravi- 
metric values, but no evidence had been given to show that either 
of these errors was appreciable. The fact that the refractive 
index was not quite independent of the wave-length had been borne 
in mind at Cambridge whenever optical methods had been used 
or discussed. The small errors thus involved might serve to explain 
a part of the differences between the optical and electrical results, 
but they could not possibly harmonise the optical results with those 
of Dr. Vernon. The discrepancy here was certainly due largely 
to the fact that he neglected the oxide at the time of the first 
weighing. 

The curves to which Dr. Evans referred had been offered for 
publication. 

The author wished to thank everyone who had taken part in 
the discussion of this paper. 





1 See U. R. Evans, “ Metallic Corrosion, Passivity and Protection,’’ 
p. 677. London, 1937; Edward Arnold & Co. 
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THE ALLOTROPY OF IRON. 
By HANS ESSER (AAcHEN, GERMANY). 


This paper was printed in Iron and Steel Institute, Carnegie Scholarship 
Memoirs, 1936, vol. 25, pp. 213-234. It was presented for discussion at the 
Annual General Meeting of the Iron and Steel Institute on April 30, 1937. 
A summary of the paper and the discussion and correspondence to which it 
gave rise, together with the author’s reply, are recorded below. 


SUMMARY. 


Investigations on various types of iron show that the A, trans- 
formation temperature rises as the purity of the material is increased ; 
simultaneously the intensity of transformation decreases. Hydrogen 
causes the A, point to be “ doubled ’”’; on removal of the hydrogen 
by annealing at high temperatures in vacuo this effect disappears 
again. The experiments show that, with the means at present 
available, it is not possible to increase the degree of purity of iron 
to such an extent that the allotropic transformations disappear. 
On the other hand, the research on the influence of the degree of 
purity on the limiting concentration of the closed y field in the 
Fe-W, Fe-Cr, and Fe-Si systems indicates that with absolutely 
pure iron the « => y transformation does not occur. With regard 
to the true structure of iron, which, like that of other materials, is 
probably of a mosaic-like character, it is assumed that the impurities 
(Fe,C, Fe,N, Fe,H) are embedded in the boundaries or interstices 
of the crystalline “ blocks,” and thus cause the tetragonal expansion 
of the « lattice with the axial ratio c/a = 1-0 into the y lattice with 
the axial ratio c/a = 1-41. Iron, therefore, possesses not true but 


imposed allotropy. 


DISCUSSION. 


Dr. C. H. Descn, F.R.S. (Vice-President, Teddington, Middlesex), 
after presenting the paper in the author’s absence, went on to say 
that, whilst the experimental work was exceedingly interesting, it 
was necessary to recognise that the conclusions were derived from 
a very considerable extrapolation. Even in the purest samples 
examined, the loops still had a considerable magnitude, and it would 
be necessary to go a long way further before they would actually 
vanish. Actually no points anywhere near the origin were obtained. 
The iron used by Dr. Esser was not as pure as, for example, that 
prepared by Adcock and Bristow at the National Physical Laboratory 
and used in the work described in the paper by Mr. Adcock +; and 


1 This Journal, p. 281 P. 
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in experiments with that very pure iron there was still no sign of the 
arrests vanishing. The conclusions in Dr. Esser’s paper were based 
entirely on extrapolation, and when the exact form of a curve was 
unknown it was hazardous to extrapolate. He thought that the 
author’s conclusions were not justified by the data, but at the same 
time the author was following a very interesting line of thought. 

Another point to which attention should perhaps be called was 
that the only impurity which the author took into account was 
carbon, and of course there were other elements as well which 
affected the shape of the loop. 

In conclusion, he would call attention to a very interesting 
Russian paper by Svetchnikoff, in which that author compared 
together those elements which gave a closed y loop and those which 
extended the y region by raising the A, point and lowering the A, 
point; he brought them together on a single diagram and came to 
the conclusion that in all cases the boundary of the y region could be 
represented by a curve of the second order, usually an ellipse or a 
hyperbola, but in some cases the curves, in order to be complete, 
had to be drawn on the left-hand side, having no physical meaning— 
a negative quantity of added impurity. Svetchnikoff hoped to 
obtain a simple mathematical relation between the forms of the 
different curves. He did not succeed in that, but he did obtain a 
connection between the general shape of the curve and the position 
of the added element in the periodic system. That seemed to show 
that there was some room for systematic comparison of the effects of 
different elements on the y region in the iron alloys, but there was 
no indication from the results collected there of any disappearance 
of the y loop with reduction in the amount of impurity. The 
experiments undertaken by Dr. Esser, if continued, would throw 
further light on these periodic relations. 


Professor C. Brnepicks (Hon. Vice-President, Stockholm) 
welcomed the paper most heartily. The new experimental treat- 
ment of the most important allotropy of iron—as pointed out by 
Roberts-Austen, the most fundamental fact for present human 
culture—was extremely interesting. The essential matter, how- 
ever, was, as Dr. Desch had said, which conclusions could be drawn ? 
The question was whether the allotropy of iron was actually a fact, 
as Dr. Desch assumed, or whether, as assumed in the paper, it was 
merely a phenomenon resulting from the influence of impurities. It 
was very important not to draw any premature conclusions in any 
direction. 

(1) The author rightly began with the fundamental questions 
of allotropy and asked whether all transformation, all allotropy, 
was to be attributed ultimately— 


(1) to a change in the atom, or 
(2) to a change in the lattice. 
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Those were, according to the author, the two possibilities which had 
to be considered. The author held that only in the first case was 
there true allotropy, while in the second case foreign atoms or mole- 
cules might exert an influence, implying not true allotropy but what 
was now called imposed allotropy. 

Personally, he thought that this, which was the starting point 
of the author’s reasoning, could not be considered to be quite cor- 
rectly formulated. As a matter of fact, the two cases mentioned did 
not actually present two independent possibilities. What deter- 
mined the lattice structure of a given pure substance? In his own 
opinion, only a single answer was possible: The lattice structure 
was determined by the properties of symmetry of the atom itself, and 
therefore changes in those properties of the atom itself would reveal 
themselves as changes in the lattice. If that were not the case, 
he would like to ask what metaphysical factor—if he might use that 
expression—would cause the lattice to change, if the state of the 
atom itself were unchanged? The atom in itself was necessarily, in 
his opinion, the primary factor, while the lattice was merely the manner 
in which a large number of atoms placed themselves, the properties of 
the lattice being therefore secondary. It might not be considered 
quite modern nowadays to ask for causality, for reasons. It had 
been pointed out recently in Paris, however, at the meeting held 
in memory of Le Chatelier, that Le Chatelier had said that the man 
who did not believe in causality, in determinism, had better take up 
something other than experimental science. Personally, he had had 
the opportunity of discussing this fundamental question with an 
eminent natural philosopher in London, Sir William Bragg, and he 
thought that he was justified in saying that Sir William considered 
that at a given temperature the character of the lattice was exclu- 
sively due to the symmetry of the atoms themselves. 

(2) Admitting that to be the case—almost as a necessary axiom 
for dealing with these matters—the first question was what, in a 
substance showing the phenomenon which had been designated as 
allotropy, was the reason for the lattice changing from, say, a body- 
centred to a face-centred structure? Evidently, at different 
temperatures, different states of the atom were stable. At the very 
point of transformation two states must be considered to be stable, 
but as the internal agitation increased, the new state would be the 
only stable one, and it would be said that an allotropic transforma- 
tion had occurred. Objection might be raised to this view by 
asking why, with still higher thermal agitation, the new lattice 
returned, as it was known to do for iron, to its primary state, 3- and 
a-iron being the same. It was impossible in the present state of 
science to give any actual explanation of that fact, but some analogy 
might be adduced. It was known that in the case of (1) a rotating 
sphere, when the energy of rotation was increased, the sphere was 
transformed into the stable state of (2) a spheroid, as was of course 
the case with the form of the earth, It was discovered by Poincaré, 
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however, that this was by no means the only stable form which could 
be brought about by increased rotational energy; he proved that 
there was also (3) a pear-shaped form—which had been called “ the 
pear of Poincaré ’’—possessing an unsymmetrical figure. If the 
analogues of such states (1), (2), (3) were successively formed on 
energy increase, it was not inconceivable that finally a lattice might 
be formed which was similar to the primary one. That was only a 
rough analogy, but he thought it might give some elucidation of the 
matter. 

(3) Continuing the reasoning, the next point was this. The 
atomic states (1), (2) and (3) must be assumed to be dependent on 
the presence of foreign atoms. It was known that carbon, nitrogen, 
manganese and other elements facilitated the occurrence of the 
y state. Now, the presence of foreign elements must probably 
influence the state of the atom itself, even if Dr. Esser did not con- 
sider the possibility of this influence. 

Admitting some carbon, &c., to be present, it was known that the 
transformation of «- into y-iron occurred very easily and immediately. 
If, on the other hand, no elements such as carbon, &c., were present 
it was quite conceivable that the transformation into the y state 
was rendered more difficult, so that a certain superheating of the 
a-lattice might be possible, and thus the transformation point would 
appear to be raised. It was known that similar superheating or 
undercooling did occur in quite a number of cases, especially with 
pure substances. 

This influence appeared to be well illustrated by the behaviour of 
materials No. 1 and No. 2, Figs. 5 and 6. If, on heating, No. 2 
showed a much higher intensity of transformation than No. 1, the 
natural cause was to be found in its considerably higher manganese 
content (0-043°), which must facilitate, at least locally, the formation 
of y-iron. If, on cooling, No. 2 similarly showed a much higher 
intensity of transformation, it was natural to ascribe this to its 
considerably higher silicon content (0-074%), facilitating, at least 
locally, the formation of «-iron. It was not advisable to consider 
the carbon content as a criterion of the transformation tendency ; 
instead, it was necessary to consider the sum of the impurities which 
favoured the y state, as well as the sum of the elements which 
favoured the « state. 

(4) A further point was that it seemed very probable that a 
dissolved substance, for instance carbon, was slightly concentrated 
in the immediate neighbourhood of the grain boundary. It was 
known that the transformation from « into the y state started in the 
grain boundaries, and hence it was quite conceivable that an extremely 
small content of carbon might be quite enough to start the trans- 
formation from the « state of the atom to its y state. If it were 
desired to heat an iron well above the ordinary transformation point 
without any change into the y state taking place, he thought the 
first condition necessary would be to work with a pure and single- 
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crystal specimen, where the inducement for transformation into the 
y state at the grain boundaries did not exist. Further, if that were 
actually realised, so that the iron remained in the « state, he thought 
it could be predicted with fair certainty that a slight mechanical 
disturbance of that specimen would immediately cause it to be trans- 
formed into the y state. 

(5) There were a good many other points which it would be 
interesting to discuss, but time did not permit. One point, however, 
might be added. There was a very interesting result obtained by 
Dr. Esser, namely, that hydrogen caused the A, point to be doubled. 
No attempt had been made to explain this. 

It was natural then to recall that Osmond had already established 
that the A, point might occasionally be doubled. The explanation 
thereof was the following. The essential character of A,, as was well 
known now, was that it was the heat change due to the Curie point. 
The additional heat evolution, on cooling, was to be understood as 
follows. As pointed out already in 1912, the A, transformation of 
iron belonged to what was designated as Type IIa.1_ This signified 
that there was, on cooling, not merely an abrupt change from the 
y state to the « state ; instead, there was a certain solubility of atoms 
persisting as “‘y”’ atoms in the “«”’ lattice. ‘‘ 6-iron, which ac- 
cording to the definition exists between about 750° and 890° C., 
is to be considered only as «-iron which in solid solution contains a 
certain, limited quantity of y-iron,” increasing with temperature. 
On this assumption, supported by several facts, the additional Ar, 
point, as detected by Osmond, was due to an additional precipitation 
of carbon, below Ar,, connected with the transformation of the 
remaining yy atoms. 

Now, the solubility of hydrogen in y-iron was much greater than 
that in «-iron proper. Hence, it was natural to conclude that the 
solubility of hydrogen, extremely small in «-iron at a low temperature, 
was sensibly higher in «-iron above (about) 760°, increasing up to Acg. 

Further, a (polygrained) specimen of pure «-iron which at high 
temperatures had taken up hydrogen must, at low temperatures, 
contain hydrogen concentrated into the grain boundaries. On 
heating the specimen to a temperature (already below Ac,) at which 
—on account of the pressure of “yy” atoms in the « lattice— 
there was a considerable solubility for hydrogen (though less than 
in the y lattice), the hydrogen in the grain boundaries would go into 
solution. This would signify an absorption of heat anticipating that 
occurring at Acs. 

Similarly, on cooling through Ar,, the amount of hydrogen 
dissolved in the y lattice was not entirely precipitated at once (so as 
to correspond to the final, low solubility in the «-iron proper). A 
certain amount must remain below Ar, so long as a sensible number 
of atoms in the “y”’ state persisted; when this was no longer the 

1 C. Benedicks, ‘‘ On Allotropy in General and that of Iron in Particular,” 
Journal of the Iron and Steel Institute, 1912, No. II., p. 242. 
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case, a precipitation, with some additional heat evolution, must 
take place. The speed of reaction of dissolved hydrogen was actually 
known to be remarkably great.1 

The explanation thus afforded seemed to correspond well with 
the phenomena now observed by Dr. Esser. These were of all 
the greater interest as they gave a new indication of the fact that at 
temperatures below A, a mutual solubility of atoms in the “«”’ 
and the “y’’ state must be assumed (corresponding to Osmond’s 
8-iron), which phenomenon was apt to be overlooked by most present- 
day investigators. 

(6) He would summarise the main remarks which he had made 
by saying that,so far as he could see from present evidence, allotropy 
was characteristic of iron itself, so that it was justifiable to talk about 
true allotropy, but a most interesting feature had been borne out by 
the work of Yensen and by the present author, i.e., that an allotropic 
transformation might be rendered much more difficult in the case of 
a metal, such as iron, which was extremely pure ; the transformation 
appeared actually to be much facilitated by the presence of suitable 
im purities. 


Mr. W. P. Rexs (Teddington, Middlesex) characterised the paper 
as a very interesting and provocative one. With regard to Fig. 9, 
the heating and cooling curve in which by saturating pure iron with 
hydrogen at a temperature of about 1200° C. a doubling of the A, 
point had been obtained, he suggested that the effect of hydrogen 
on the transformation point could not be considered to be quite the 
same as the effect of other alloying elements, because the difference 
in the solubility of hydrogen in «- and in y-iron was accompanied by 
a time lag in attaining equilibrium, with the result that any very 
sensitive cooling curve would show, in addition to heat transforma- 
tions caused by any allotropic modification, also a heat evolution or 
heat absorption caused by the alteration in the solubility of the 
hydrogen in the iron; and this doubling of the point might quite 
well be explained by that difference in solubility. 

The dangers of extrapolation had been remarked upon already by 
Dr. Desch, and in the present case the dangers were particularly 
to be avoided, because immediately one got down to percentages 
such as 0-007% of carbon, wherever the point was, doubt would be 
thrown upon it because of the difficulty of determining whether it 
was 0-007 or 0-006%. The author, by the examination of materials 
of high purity regarding the content of carbon, took a few points 
and extrapolated down to zero. A little more light on the character 
of that curve might be obtained if one plotted, instead of the per- 
centage of the alloying element, the logarithm of the percentage, so 


? In this connection reference might be made to the following paper: C. 
Benedicks and P. Sederholm, ‘‘ Electrothermic Homogeneous Effect in Liquid 
Mercury as Influenced by Gas Content.—VI.” Arkiv fér matematik, astronomi 
och fysik, Stockholm, 1936, vol. 25A, No. 22, pp. 1-20, 
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as to show up any idiosyncrasies of the curve. If that were done in 
the two cases which the author gave, then, instead of obtaining a 
curve which could be extrapolated to zero, a definite kink in the 
curve would be found, and the extrapolations did not go through the 
zero point; in the case of chromium the line went through about 
10-2% and in the case of silicon 1-78%, indicating that the limits of 
the y loop were determined in the absence of carbon by 10-2°% of 
chromium and 1-78% of silicon. 


Mr. E. H. BuckNna i (Teddington, Middlesex) remarked that it 
seemed unfortunate in the matter of the allotropy of iron that there 
were no accurate thermal measurements available on which a thermo- 
dynamical consideration of the question could be based. For ex- 
ample, Cleaves and Thompson, in their book ‘‘ The Metal Iron,” 
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collected together the best available data, and these, instead of in- 
dicating that the free energy curves of «- and y-iron intersected at 
900° C. and 1400° C. or thereabouts, actually showed one inter- 
section only, at 550° C. 

With regard to Dr. Esser’s consideration of the y loop type of 
diagram, one wondered whether proving the reduction to zero of the 
width of the y loop with decreasing impurity was enough to establish 
Yensen’s ideas, because if one drew the iron-chromium diagram on 
Yensen’s basis it became something like Fig. A, in which a y field was 
totally enclosed by a y + « loop surrounded again by «, so that if a 
section AB were taken as shown by the dotted line it reduced down 
to the ordinary familiar type of diagram. What Dr. Esser showed 
could be expressed as proving that impurities in general, and carbon 
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in particular, had a pronounced effect in diminishing the solubility of 
iron in chromium and in the compounds of iron with tungsten and 
with silicon. 

There was another hypothesis which might be brought to bear 
on the question of the allotropy of iron. The stage of the matter 
which became difficult to comprehend, as Dr. Esser himself pointed 
out, was that «-iron after changing to y reverted to a-iron. It was, 
however, just possible that 8 iron was not «-iron but perhaps a 
slightly tetragonal variant. He had no evidence whatever on the 
point—no one had any evidence, so far as he knew—but the X-ray 
evidence at the highest temperatures on the structure of 8-iron could 
not be regarded with quite that degree of certainty with which 
results at lower temperatures were regarded, and it was just possible 
that some of the diagrams of the iron-chromium type which were 
usually drawn as loop diagrams were actually of the type indicated 
in Fig. B. There was no more reason why an experimental survey 
should indicate a duplex (« + 8) field than an (« + y) field (which was 
not found by Adcock in the iron-chromium system) so it could not be 
said that the absence of experimental evidence on this point was a 
serious objection to the view now expressed. 


Dr. C. H. M. Jenkins (Teddington, Middlesex) said that a very 
large amount of research had been undertaken on pure iron, and 
there were serious difficulties to be faced with regard to the future 
work on the subject. He thought that a stage had been reached 
when not much further progress was being made in the study of pure 
iron. We knew of the existence of a very considerable number of 
changes, and it was known that at the magnetic point of iron there 
was a very considerable change in properties. Iron prepared in the 
laboratory had been regarded as pure, but it might be necessary to 
study iron in future as a mixture of isotopes which would have to be 
investigated separately before it was possible to consider iron as we 
knew it at present. The question was at the moment rather beyond 
the ordinary laboratory processes available to the metallurgist, 
but it would probably be found that in years to come, when physicists 
had advanced very much further in their study of these questions, 
they would be able to help the metallurgists to overcome a difficulty 
which at the present moment seemed almost insuperable. 

He felt that between «- and 8-iron there was a marked similarity 
in structure, and perhaps in a particular temperature range one of 
the isotopes exerted its influence more than another, and influenced 
the particular configuration of the phase stable within that range. 





. 


CORRESPONDENCE. 


__ Dr. E. Gregory (Sheffield) wrote that he was particularly 
interested in the paper by Dr. Esser, since for a long time now he had 
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both held and expressed the view that allotropy generally was due 
to the presence of impurity, and that foreign matter must be present 
in order to initiate the transformation of one allotrope into another. 
In the case of iron, why, indeed, should it change from the « to the 
y configuration at 900° C. and then revert to the initial form at a 
much higher temperature? Dr. Esser’s diagrams clearly showed 
that carbon widened the y loop in Fe-Si, Fe-Cr and Fe-W 
alloys. Personally, however, he thought it was more instructive to 
consider sections of the relevant ternary model parallel to the Fe-C 
side. When the proportion of the third element exceeded a certain 
value, which varied with different ferrite stabilisers, such sections 
(based on the work of Yensen on Fe-Si-C alloys, that of Monypenny 
and of Krivobok and Grossmann on Fe-Cr-C alloys, and of Gross- 
mann and Bain on Fe-W-C alloys) were of the type indicated in 





Temperature. °C. —> 


&X + Carbide 








Carbon. % —~ 


Fig. C. 


Fig. C. These sections were strikingly similar to Yensen’s suggested 
constitutional diagram referred to in the paper. In each case, with 
a sufficiently low carbon content, the alloys consisted entirely of « 
solid solutions from ordinary temperatures up to their melting 
points. This highly significant fact suggested to him that chromium 
silicon, &c., merely negatived the influence of carbon, nitrogen, and 
oxygen. Wells, Ackley and Mehl ! had studied the «~y transforma- 
tion in irons of great purity, having carbon contents of less than 
0-0025%. These workers were of the opinion that pure iron would 
exhibit allotropy, and it was of interest to note that they fixed the 
a—~y transformation at 910° C. The irons they employed contained 
small proportions of nitrogen and oxygen, however, which would tend 
to augment the influence of carbon. Even minute quantities of 
these elements would appear to exert a profound effect, and he was 
of the opinion that if it were possible to obtain absolutely pure iron 


1 Transactions of the American Society for Metals, 1936, vol. 24, Mar., 
p. 46. 
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then experimental confirmation of Dr. Esser’s hypothesis regarding 
the allotropy of iron would be forthcoming. 


Colonel N. T. Betatew, C.B. (Paris), wrote that he was very 
interested in Dr. Esser’s paper, as it raised so many interesting 
points with reference to the allotropy of iron and the mosaic structure 
of crystals. 

He would like in particular to mention Professor Tschernoff’s 
views on the subject. These views were embodied in some of his 
papers on the hardening of steel, but more particularly in his lectures 
and, also, in his last papers to the Russian Metallurgical Society, in 
1915, and thus might have escaped attention. 

Tschernoff was always very much alive to the influence of 
carbon and other elements on the properties of iron and even on its 
crystal structure, and therefore had some difficulty in accepting 
Osmond’s views in toto. He quite agreed that one of the necessary 
preliminary conditions for the hardening of steel was a change from 
one of the allotropic states to another, as the heating required was 
above Ac, or his point “a.’’ But, he would reason, there was no 
hardening in the absence of carbon, and consequently there might be 
ro allotropic change if carbon were totally absent. 

Being a mathematician by training and greatly interested in 
crystallography, he was always thinking of the crystalline changes in 
terms of lattice structure ; as his pupils were not so “lattice-minded ”’ 
he had to use another language in his lectures; and it was only now, 
remembering his private conversations, that he (the writer) could 
more fully appreciate the whole purport of his views. 

Tschernoff’s main contention was that in order to effectuate a 
considerable change in the mechanical properties of a crystalline 
body, such as that caused by hardening (which was explained by 
Osmond by a change from «- to 8-iron), a mere change of lattice was 
insufficient, and a real distortion of lattice necessary. He could not 
understand how such distortion could be brought about by the 
action of heat only, and considered that it could only be caused by 
the action of foreign atoms. He (the writer) thought that he was 
even ready to admit that atoms of carbon could get into the inter- 
stices, as he was making some calculations on this assumption; 
however, he did not attach much importance to them, as at that time 
the diameters of the atomic spheres of influence were unknown. 

To sum up, Tschernoff, in Dr. Esser’s wording, would be ready to 
admit that in the case of iron, its allotropy was of the “ imposed ”’ 
kind, and, in common with Ball and Wingham, that “ at a very high 
temperature (the iron) again changed into a form having properties 
similar to those of the original modification.’”’ He, however, would 
always make the important proviso, that what he called the asymp- 
totic conditions were very difficult to study and that the properties 
in those regions might be not exactly what simple extrapolation 
would lead one to expect. 
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Personally he (Colonel Belaiew) thought that Dr. Esser had 
presented his views in a very attractive and suggestive form and 
would like to congratulate the author on his very important con- 
tribution to our knowledge of the allotropy of iron. 


Dr. T. D. YENSEN (Pittsburgh, Pa., U.S.A.) wrote that when he 
visited Aachen last summer he had the pleasure of obtaining first- 
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hand information on the subject treated by Dr. Esser in his present 
paper, and he had been looking forward to seeing his results written 
up in final form. Dr. Esser’s paper was, he thought, a very valuable 
contribution to the subject of the allotropy of iron and he was 
particularly interested in the idea expressed in Fig. 3, as this coin- 
cided with what he had been trying to stress on several occasions, 








432 P ESSER: THE ALLOTROPY OF IRON.—CORRESPONDENCE. 


since he presented his suggestion in 1929 that pure iron might not 
have any allotropic transformations. 

If Dr. Esser’s Fig. 3 were laid next to the diagram for the hystere- 
sis loss of iron as related to the carbon content, a striking resemblance 
was noted. Even as recently as 1930 a very noted metallurgist, in 
discussing with him (the writer) the magnetic properties of iron, 
insisted that the hysteresis loss of iron was about 800 ergs, obtained 
by extrapolating the flat part of the curve in Fig. D to zero carbon, 
and it was not until he (Dr. Yensen) showed him experimental results, 
obtained with carbon contents of a few thousandths of 1%, giving 
hysteresis losses as low as 200 ergs, that he finally became convinced 
that the curve actually changed direction and began to point towards 
zero for carbon contents of less than 0-01%. Thus, parallelling Dr. 
Esser’s statement on p. 216, it was seen that an increase in carbon 
content from 0-001% to 0-01% increased the hysteresis loss from 
100 to 800 ergs, whilst a further increase from 0-01% to 0-10% of 
carbon increased the loss only from 800 to 1000 ergs. Similarly, 
the maximum permeability of iron increased from about 4000 for 
0-10% of carbon to 8000 for 0-01%, but from 8000 to several hundred 
thousand as the carbon content was lowered to 0-001%. 

The above results were probably the most striking ones obtained 
in metallurgy showing the tremendous effect of very small amounts of 
impurities on the structure-sensitive properties of metals, and it was 
this that suggested the idea that allotropy in iron, which was not so 
very sensitive to variation in the range around 0-01% of carbon, 
might possibly be much more so as the impurities approached zero 
and actually disappeared altogether. Dr. Esser’s increase in the 
Ar, point to 932° C. with increased purity (carbon 0-004%) suggested 
such a possibility, and his extrapolations with chromium (Fig. 16) 
and with silicon (Fig. 19) confirmed the writer’s own conclusions that 
with no carbon the transformations should not occur even with no 
silicon (or no chromium) present. 

On the other hand, the results obtained by Wells, Ackley and Mehl* 
should not be overlooked. Their very carefully conducted experi- 
ments, using long, high-temperature hydrogen annealing to purify 
the samples as much as possible, led to the conclusion that the A, 
transformation point for pure iron was 9095+ 1°C. They met 
the objection that these results might be due to dissolved hydrogen 
or hydrides by making tests in vacuum, nitrogen and argon with 
nearly the same results. However, the indirect method of attack, 
such as that employed by Dr. Esser, seemed to him to be more reliable 
and trustworthy unless very careful impurity determinations (oxy- 
gen, carbon, nitrogen, hydrogen, &c.) would allow the plotting of 
curves showing the. relationship of the impurities to the trans- 
formation point. From such data extrapolation to zero impurities 
should provide reliable information as to the presence or absence of 
allotropy in pure iron. 

od Transactions of the American Society for Metals, 1936, vol, 24, Mar., 
p- le 
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AUTHOR’S REPLY. 


The AuTuorR, in reply, wrote that it was apparent from the dis- 
cussion that opinion on the character of allotropic transformations 
was at present sharply divided. Naturally, his researches had not 
dealt with this problem exhaustively; on the other hand, it must 
be unmistakable that many indications suggested that imposed 
allotropy actually existed in iron. Dr. Desch was right in pointing 
out the danger of extrapolation. Certainly he (Dr. Esser) would 
likewise have considered it dangerous had his further researches 
on the relations between true crystal structure and allotropy not 
proved the fruitfulness of this working hypothesis. These re- 
searches would be published in the near future; it was probable 
that they would provide further support for his ideas. 

When in the paper he distinguished between true allotropy 
(changes in atomic structure) and imposed allotropy (changes in 
lattice structure), he had taken recent opinion on true crystal 
structure into account. With regard to the objections raised by 
Professor Benedicks, he envisaged the following distinctions : 


(1) True allotropy existed when a primary reaction taking 
place in the atomic structure led to a secondary rearrangement 
in the lattice structure. 

(2) Imposed allotropy existed when, owing to the embedding 
of foreign atoms or molecules in voids or defects in the lattice 
(‘‘ loose regions ’’ in Smekal’s sense), the effect was produced 
on neighbouring regions of the lattice that a lattice deformation 
set in at a definite temperature or in a temperature interval. 
This would mean in the case of iron, for example, that, owing 
to the embedding of foreign atoms (carbon, hydrogen, nitrogen) 
in the lattice voids, the axial ratio c/a could change by lattice 
deformation from the value 1-0 («-iron) to 1-42 (y-iron). 


According to this view the cause lay in the embedding of foreign 
atoms in voids in the lattice. Naturally, a change in the atomic 
structure occurred during this tetragonal extension of the lattice ; 
but this was of a secondary nature, because the tetragonal extension 
of the lattice could not have taken place without the foreign influence. 

Professor Benedicks’ further comments interested him very 
much indeed, and in his (Dr. Esser’s) further researches he would 
examine them very closely, in order to be able later to form an 
opinion on them. 

To what extent the doubling of the A, transformation was 
related to spontaneous changes of solubility, as Mr. Rees assumed, 
could not at the moment be decided. To him personally this 
interpretation appeared rather unlikely; nevertheless, he would 
gladly apply this suggestion in his further work. 

With regard to Mr. Bucknall’s assumption that 8-iron was a 
weakly tetragonal phase and was therefore not identical with «-iron, 

1937—i 2F 
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a decision would be possible only when precision X-ray investiga- 
tions could be made on the range of existence of the 8-phase. 

The author was of the opinion that the whole problem of the 
allotropy of iron would be seen in a different light if the lattice 
distortion (voids, mosaic structure) existing in all crystals were 
taken into account in its examination. It would therefore seem 
advisable to refrain from further discussion until a fundamental 
explanation for just this perhaps determinative problem of the true 
structure of metallic solid bodies had been found. 

In conclusion, the author desired to express here his renewed 
thanks to Dr. Desch for having presented the paper at the Meeting. 
Likewise, he thanked all the contributors to the discussion for their 
many very valuable suggestions. He was also much indebted to 
the Council of the Iron and Steel Institute for the award of a grant 
from the Andrew Carnegie Research Fund in support of his 
researches. 
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CONTROLLED GRAIN SIZE IN STEEL. 


By T. SWINDEN, D.MEt., anp G. R. BOLSOVER, F.Inst.P. (SHEFFIELD). 


This paper was presented for discussion at the Autumn General Meeting 
held in Diisseldorf, Germany, on September 21 and 22, 1936, and also at the 
Additional Sessions held in London on October 29, 1936; it was printed in 
the Journal of the Iron and Steel Institute, 1936, No. IL., p. 457 Pp. It was 
presented for further discussion at a Joint Meeting of the Iron and Steel 
Institute, the Sheffield Society of Engineers and Metallurgists and the Sheffield 
Metallurgical Association held in Sheffield on November 16, 1936, and the 
discussion which took place is recorded below. 


DISCUSSION. 
(Fig. A = Plate XXV.) 


Dr. R. J. Sarzant (Sheffield) said that this paper was one of 
outstanding interest to the steel industry. There was no doubt that 
the facts revealed in the paper were of great value and validity, nor 
could they be traversed with any real strength. 

He had heard criticisms that if the results were plotted it would 
be found that in certain cases some of the points overlapped. In 
reply to this criticism he knew it would be urged that one had to 
judge, not the exact positions of any one point on the diagram with 
regard to, say, an Izod test, but the facts as a whole. Then one 
would agree that the grain size was of very great importance. 

As one who had studied for many years the subject of the 
physical chemistry of steelmaking, the point which interested him 
more particularly was this. He had an impression that the ferrous 
oxide in the steel was the major controlling factor in governing 
grain size. The nuclear theory, that small particles of alumina were 
mainly responsible, he did not think could be thrown over. It was 
a fact that if the grain size of a steel were correlated with the ferrous 
oxide in the bath, there was a rough relationship; but when the 
aluminium was added beyond a certain figure, then rather unexpected 
and strange phenomena did occur. That was to say that the 
nuclear theory could not give the entire explanation, but what that 
explanation was he must frankly say he did not yet know. They 
were studying the problem from the fundamental angle of the 
relation between deoxidation additions and the grain size under 
controllable conditions. He, for one, hoped that at that meeting 
someone would come forward and say what exactly happened. 
When they had got that explanation, he thought they would have 
made a great step forward towards the solution of the problem, 
and the subject would be given the great importance it merited in 
the metallurgy of steel. 
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Mr. H. H. Burton (Sheffield) said the subject was one in which 
he was very much interested. His company’s experience had con- 
firmed a great deal of what Dr. Swinden had said in the paper. 
He did not pretend that they had confirmed his explanation as to 
why steel to which aluminium additions had been made was fine- 
grained, whereas another steel made in a similar way but without 
aluminium additions was coarse-grained. So far as the results of 
tests were concerned, they could fully endorse all that Dr. Swinden 
and Mr. Bolsover had said. 

With regard to the question of machinability, it seemed to him 
that a great deal probably depended on the type of machinability 
that one was considering, and he thought that his colleague Mr. 
Russell had some remarks to make on that subject a little later on. 


Mr. D. W. Hammonp (Sheffield) said that his company had been 
experimenting with tool steels so far as grain size control was 
concerned, and certainly the facts that had been found out with 
regard to impact tests on the lower-carbon types of steels were 
verified in the higher-carbon types as well. It was known that 
the finer-grained steel was a tougher steel; it certainly did not 
harden so deeply as the coarse-grained steel. But with regard to 
machinability, they had found very little in it, and he was only 
sorry they had not confined their attention more to the lower-carbon 
steels, such as Dr. Swinden mentioned. They had done most of 
their experimental work on the higher-carbon steels. 


Dr. W. R. Mappocks (Sheffield) said that, from a purely 
information-seeking point of view, he would like the authors to say 
what exactly were the conditions for obtaining a fine-grained and 
a coarse-grained material from the same cast? Was the difference 
actually only in the process of the steelmaking? Or did it lie more 
particularly in the actual treatment of the metal in the ingot 
mould? He really thought that, since it had been put forward 
that the degree of grain size depended on the steelmaking, perhaps 
a little more detail in that respect would not have been out of place. 

As an explanation of the difference in grain size, he did not 
think that merely stating the degree of deoxidation was a suf- 
ficiently comprehensive one. 

He would like to ask some other questions. Were high-carbon 
steels, for example, susceptible to the same variations in inherent 
grain size as low-carbon steels? He was bearing in mind the 
difference in the oxygen content between the two cases. Apparently, 
from the figures in the paper, the manganese deoxidation was 
insufficient to cause an inherently fine-grained material, that being 
borne out by some of the higher-manganese steels noted. 

Was it possible, for example, to obtain an inherently large- 
grained material from not merely an aluminium-killed steel, but 
from one containing more aluminium than that? Or, say, a higher- 
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silicon steel? He did not mean the high-alloy steels, but those 
containing somewhere about }% of silicon. And, since inherent 
grain size was associated with deoxidation, was it possible to obtain 
an inherently fine-grained material from an electric arc furnace cast, 
with a greater degree of latitude in actual deoxidation ¢ 

It was a well-known fact that pure iron-carbon alloys were 
inherently large-grained. What was the exact mechanism of the 
addition of minute quantities of oxygen, in any form, to bring this 
material into an inherently fine-grained condition ? 

With regard to quench-ageing, could the authors give an explana- 
tion of the fact that fine-grained material age-hardened but did not 
suffer age-embrittlement? Was it due, by any chance, to the degree 
of dispersion of the age-hardening precipitate? Perhaps in a fine- 
grained material the degree of dispersion was sufficiently small to 
give an increase of hardness, but was not large enough to give 
greater brittleness ? 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield), re- 
marked that he had already said really as much as he ought to say 
about this paper, but he could not let the moment go by without 
asking for the authors’ comments on one or two points that he had 
raised. 

Dr. Swinden mentioned that there were two misprints in the 
advance copy. Surely he was rather optimistic in making that 
statement? There was one very big misprint that Dr. Swinden 
omitted to mention, and that was the title of the paper—‘ Con- 
trolled Grain Size in Steel.” That was an insufficient title. The 
controlled grain size that the authors were talking about was a 
grain size which they obtained in a kind of “ snap division ”’ as 
regarded the conditions to which the steel had been subjected. 
They said that if one wanted to study the grain size of the steel, 
one must heat the steel to just over 900° C. in a carburising medium 
for a certain length of time, and then judge the grain size by the 
size of the polygonal grains of austenite marked out by the deposited 
carbide as found when it had gradually cooled down from that 
temperature. This was all right so long as the authors told them 
that this was what they meant. 

In practice, of course, the grain size disclosed under those 
conditions was not necessarily the grain size which actually existed 
when the steel was put into service, said the authors. That was 
very true indeed, and if those present were regarding it as a guiding 
point that the grain size indicated in the McQuaid-Ehn test was the 
ultimate grain size of the steel, then they were being sorely misled. 
His (Dr. Hatfield’s) and other firms in Sheffield had had very 
outstanding instances where the ultimate grain size of the finished 
product was of an entirely different order from that disclosed by 
the McQuaid-Ehn test. He had already given instances of that. 
Perhaps the authors would take into consideration this fact in their 
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reply—that in a number of steels the subsequent manipulation 
and heat treatment entirely modified that relationship which might 
be found to exist in the McQuaid-Ehn test. 

This could not be too strongly emphasised to the consumers of steel. 

Of course, with regard to the metallurgical aspect, he was afraid 
they were not in a position to discuss it then, because the authors 
made a particular point in their paper of excusing themselves for 
not having disclosed the metallurgical considerations which had pro- 
duced the results they were describing; and this, all would agree, 
was out of order in a paper given to the Iron and Steel Institute. 

Nevertheless, for those who did know something about this 
subject, it was very easy to diagnose in an empirical way the pro- 
cedure which they had adopted in producing this result. And what 
had they done? From time immemorial they had been taught that 
if they were engaged in making steel of the higher classes, they must 
be able to make that steel sound without doping it with aluminium 
—and he thought the authors would agree that this was so. To him 
(Dr. Hatfield) it seemed wrong simply to have the liquid steel ready 
for teeming and give it 003% of aluminium—far too mueh just to 
make it sound. In this instance enough aluminium was added to 
make a piping steel; and if that procedure were put into the hands 
of people who were not expert in the art of steelmaking and in the 
casting of ingots, then it followed that a good deal of pipe and 
unsoundness would be encountered in the finished product, which 
would be a very serious anxiety to the consumer. 

In dealing with the paper, Dr. Swinden said that the only 
variable in these steels was the grain size, and he (Dr. Hatfield) 
thought Dr. Swinden could quite legitimately claim from his angle 
that this was so. But there was a big variable in the method 
utilised to attain the grain size. Dr. Swinden had already told them 
that they had shallow hardening with the fine grain. If there were 
shallow hardening, it was pretty obvious that the response to heat 
treatment of a fine-grained steel produced by the addition of 
aluminium was different—entirely different—from that of a steel 
not treated in that way. Then, if they studied the paper, they 
found that steels treated with aluminium and not treated with 
aluminium were given precisely the same heat treatment, and 
when the tests were pulled they found a difference in the results. 
That difference must be expected on the ground that the addition 
of aluminium had entirely modified the response to heat treatment. 

Now, if the authors were to consider the ultimate possibilities of 
both steels, it was pretty obvious that if the compositions varied, 
then the heat treatment should be varied to bring about a uniform 
mechanical condition; and he thought the authors would agree 
that had the treatment been modified in regard to time and tem- 
perature, then the maximum stress and yield point would have 
been brought into line, and the difference in the Izod value—which 
was the main virtue—would largely disappear. 
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He had already raised this point in previous discussions and 
must raise it again. It was all very well to talk of fine-grained and 
coarse-grained steel, but the authors laid a good deal of emphasis 
on the idea of having a number of grades of those steels, and that 
meant not only that either small grain or large grain should be 
produced, but also that a particular grain size should be produced. 

Now, he had asked the authors before what grain size they 
would be prepared to guarantee, and they were good enough to 
say they could give a range of 1-2-3, or 3-4-5 or 5-6-7. To those 
who knew anything about this subject, it must be perfectly apparent 
that the range which they were prepared to guarantee was so wide 
that the guarantee became meaningless. Take range 3-4-5, for 
instance. No. 3 grade was a coarse grain, No. 5 a fine grain; and 
they were forced back on the position that they could say that 
they would give either a fine grain or a coarse grain. This was not 
good enough; and in commenting in this way he would like to 
make an observation : In any well-ordered steelworks such as their 
own, if their various products were examined for grain size—his 
listeners knew the widely distinctive type of products, for instance, 
that his firm made in their own works—it would be found that each 
product was manufactured within an optimum very narrow range 
of grain size. There were certain products where it was necessary 
to have a fine grain, but this was not achieved by doping the steel 
with aluminium. They dealt with this by a long and effective 
furnace procedure. In other cases they must have a coarse grain. 
_ And bearing on this, he was told by one of the big firms in Sheffield 

lately that they had a very desirable contract with a large firm for 
large quantities of steel, and they supplied the steel very satis- 
factorily, till all at once there was an outcry of “Trouble in 
machining’; on investigation it was found that because of an 
occurrence of another type it was decided to add aluminium to the 
steel, and that addition of the aluminium synchronised with the 
difficulties in machining. A reversion to the pre-aluminium days 
restored that business to a very satisfactory and favourable position. 

With regard to the theory of the matter, he was quite satisfied, 
taking the subject of grain size as a whole, that in fully and 
thoroughly deoxidised steel they obtained a small grain size; that 
seemed to be the rule; but they got this without the addition of 
aluminium. For instance, their “ old friend’”’ vanadium, as Dr. 
Swinden was probably aware, produced the same result, and so did 
other elements. 

He must confess that the authors had put forward a lot of 
interesting data; but he did not think they would be any more 
successful on this side of the Atlantic in establishing grain size as 
a real control for machining properties, which was the object on 
the other side. 


Mr. G. A, DE Bertin (Sheffield) said he was interested in the 
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authors’ observations on p. 465 P on the question of hardness pene- 
tration or mass effect. They suggested that in the case of carbon 
and alloy structural steels, as opposed to the harder steels studied 
in the United States, so far as depth of penetration was concerned 
the two steels—the fine-grained and the coarse-grained types— 
behaved similarly when judged by diamond hardness determina- 
tions. This might be true; but he wondered whether one should 
take the two examples given as quite conclusive. The first case 
was that of a 0-41% carbon steel, in which a sample 4 in. long by 
3 in. square was oil-quenched from 850°C. They would notice 
that the coarse-grained steel gave a hardness of 266 on the outside 
to 226 in the centre, and the fine-grained steel 245 to 221. He 
suggested that it would have been more conclusive to have water- 
quenched, because the size of the piece, combined with the oil- 
quenching, had not given true hardening even on the outside; the 
surface with a hardness of 266 would show a structure consisting 
of sorbite, with, of course, considerable suppression of ferrite. 
Dr. Swinden could perhaps tell them whether water-quenching the 
steels from the same temperature would have distinguished between 
the coarse- and fine-grained samples. 

Perhaps, also, one might make a similar observation about the 
nickel-chromium steel which was quoted in the same connection. 
That appeared to show very little difference in hardness-penetration 
as between the coarse and the fine grain. But there, again, the 
hardness was not very great, which, he thought, was due to the 
tempering. It would have been interesting to have seen the results 
without tempering. 

The other interesting point to him was the micrographs on 
Plate LIX. illustrating the air- and furnace-cooled samples of the 
fine-grained and large-grained steel A, with 0-39% of carbon. 
When one looked at this and particularly at Figs. 15 and 19 it 
reminded one of the well-known fact that when a large grain size 
in a medium-carbon steel was developed by heating to a high tem- 
perature, one found on cooling an apparent suppression of ferrite 
precipitation. Fig. 15 showed the expected proportion of ferrite 
to pearlite in such a steel. Fig. 19 suggested a higher-carbon steel. 
All metallurgists were familiar with this; and it occurred to him 
that one could explain that by grain size alone. When large- 
grained austenite reached the Ar, temperature, one might assume 
that not only were the grain boundaries the most favourable nuclei 
for the precipitation of ferrite, but that they might be the only 
effective nuclei. If this were so, one could visualise that in conse- 
quence the solid solution in the vicinity became higher in carbon. 
Then it would appear that diffusion was required within that large 
crystal grain before more ferrite could be precipitated at the grain 
boundary on the thin boundary of ferrite already formed by the 
initial precipitation. For diffusion, time was required, and the 
time elapsing between Ar, and Ar, in air-cooling was comparatively 
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limited. Therefore, in large grains it was possible that there was 
not time for that necessary diffusion to occur, and so suppression 
of the ferrite resulted. When the volume of the grain was smaller 
diffusion would be completed, so that all the ferrite was developed, 
as shown in Fig. 15. 

It would follow, he supposed, that in the large-grain type the 
solid solution on reaching Ar, was not of eutectoid composition. 
That seemed to him significant in relation to Dr. Swinden’s state- 
ment that in the coarse sample the individual grains were not only 
larger, but were of a much denser sorbitic structure. It might be 
that if the austenite at the Ar, change was not of eutectoid com- 
position, laminated pearlite would not result. 

There was one other feature which seemed to bear on this 
suggestion, and that was in the inverse-rate curves in Fig. 23. By 
estimating the temperatures, it seemed as if in the fine-grained sample 
(looking at the inverse-rate curve of cooling) the peak representing 
Ar, occurred 7° above that in the case of the coarse-grained sample, 
which suggested that at Ar, the precipitation was easier in the 
fine-grained than in the coarse-grained steel. 

The problem was simplified if one considered the grain-bound- 
aries, not as nuclei for the first precipitation of ferrite, but as 
nuclei for the aggregation into visible masses of ultra-microscopic 
particles which had separated throughout the crystal body as the 
iron changed from the y to the « condition. Then in a large grain, 
a minimum number of ferrite particles would have time to reach the 
boundary, and coalesce into visible masses. The remainder would 
act as nuclei in the grain at Ar, for the development of a granular 
sorbite instead of the laminze formed when the austenite had become 
of eutectoid composition. 

If the same argument were applied to the coagulation of 
particles at the grain-boundaries to form troostite in a quenched 
steel, it would explain depth-hardening differences in coarse- and 
fine-grained steels by grain size alone. 

Ferrite suppression in air-cooled steels, and troostite formation 
in quenched steels, would then become aspects of the same 


phenomenon. 


Mr. T. F. Russert (Sheffield) thought that the authors had 

earned the gratitude of all for fixing attention on this important 
subject, and having the courage of their convictions to publish a 
paper. 
' *On first reading this paper one might get the impression that 
that inherently small grain was the panacea for all steel ills. That 
of course was definitely not true. His impression was that users of 
large quantities of steel bars, for example, were concerned not so 
much with the actual grain size as with their being able to obtain 
regular supplies of uniform grain size, so that they might standardise 
their methods of case-carburising, hardening, machining, &c. 
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He wanted to deal in detail with two points in the paper. 

On p. 466 P the authors said there was no reduced hardness 
penetration in fine-grained steel, but in this connection, of course, 
it was quite impossible to overlook the large amount of work that 
the Americans had done, as exemplified by Fig. A (Plate XXV.)._ It 
was true that this particular diagram represented a hard steel; 
but what he had done was to try to reconcile the two statements, 
one by the American workers that they got differences in depth of 
hardening and the other by the present authors that they did not 
get differences in depth of hardening. As a matter of fact both 
statements were correct if suitable qualifying statements were 
added. 
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Fie. B.—Calculated Cooling Rates Fic. C.—Cooling Rates through 600° C. 
of various parts of asmall specimen at points along an axis of a 3-in. 
heated to 600° C. cube, 


He had assumed that this steel was of the same composition as 
that used by Dr. Swinden, and he had arguedthus: If that size of 
piece would show such differences in the depth of hardening of coarse- 
grained and fine-grained steel, what was going to happen when 
they used pieces of the size that Dr. Swinden had used? He had 
calculated the rates at which different parts of the small piece 
would pass through 600°C., using the tables given in the First 
Report of the Alloy Steels Research Committee,! and assuming the 
best value for the diffusivity of this class of steel; he had obtained 
the rates shown in Fig. B. The critical speeds of the two steels 
could, therefore, be taken as 51° and 53° per sec. If he used pre- 
cisely the same constants for a piece 3 in. square ‘and 4 in. long, he 
found that the outside of the bar would cool at 25° per sec., and 
the inside at 7-1° per sec. So that without looking at the figures in 


1 Iron and Steel Institute, Special Report No. 14, 1936. 
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Fic. A.—Hardenability of a Single Steel as Affected by Coarsening Treatment. Grain size 5 in 

the deep-hardening specimen established at 1800° F. (980° C.); grain size 8 in the shallow- 
hardened specimen established at 155° F. (840° C.);_ both quenched from 1375° F. (745° C.). 
(Davenport and Bain, Transactions of the American Society for Metals, 1934, vol. 22, pp. 
879-921, Fig. 8.) 


(See Russell’s contribution.) 
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the paper one could definitely say that that size of test-piece could 
not have been hardened by the treatment given. That was fully 
confirmed by the figures given in the paper. Now suppose that 
the authors had quenched this piece so drastically that the outside 
was hardened by passing through 600° C. at some rate greater than 
51° per sec. Fig. C showed the rates at which points on an axis of 
a 3-in. cube would pass through 600°C.; if the outside passed 
through 600° C. at a rate of 58-7° per sec., then the two points on 
the axis which cooled at 51° and 53° per sec.—i.e., the points 
representing the depth of hardening of the coarse-grained and fine- 
grained steels—would have been less than 0-001 in. apart and could 
not have been detected by any of the usual methods. 

The unqualified statements that ‘‘ coarse-grained steels did (or 
did not) harden deeper than fine-grained steels’ should be used 
with the utmost caution, and he thought that it would be better to 
avoid the statements altogether, and say that the rate of reaction 
of coarse-grained was slightly less than that of fine-grained steels. 
That statement applied equally well to all sizes, and the effects of 
the lowered rate of reaction on the depth of hardening of bars of 
different sizes could be visualised in its proper perspective. 

Again, with regard to machining properties, the authors stated 
on p. 477 P “ it can be stated definitely that, apart from the one case 
mentioned, the authors have not experienced any complaint 
regarding machining properties on thousands of tons of fine-grained 
steel.’ It was not stated to what kind of machining these remarks 
applied, but he (Mr. Russell) was under the impression that the 
difference in machining properties was chiefly noticeable in high- 
production machines, such as automatics. On the other hand, that 
difficulties with ordinary machining might be real ones, could be 
judged from a report which he made to his firm after visiting a 
large engineering works in 1932 : 


“The Metallurgist stated that they recently received into the works 
two bars of plain 0-3% carbon steel. One of these was said to machine 
splendidly, whilst the other machined very unsatisfactorily. Chemical 
analyses were almost identical; there was no difference whatever in 
the mechanical properties. The microstructures were indistinguishable, 
as regards both the grain size and general characteristics. ‘The McQuaid- 
Ehn carburising test was then tried on these steels, the two pieces being 
side by side during this operation. The astonishing fact was revealed 
that the grain size, as outlined by the free cementite, was about 15 to 20 
times larger in the good-machining quality steel than in the bad-machining 
steel.” 


Here the difference in machinability was sufficient to justify 
a thorough examination being made. 


Dr. E. Gregory (Sheffield) said that this paper clearly demon- 
strated the influence of grain size on the properties of heat-treated 
steels, particularly in regard to the impact values. 
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What he was not quite so sure about, however, was the method 
of determining the grain size. Could one assume that the grain 
size indicated by the McQuaid-Ehn carburising test was a true 
indication of the actual grain size of the austenite crystals in the 
uncarburised material when heated to the same temperature ? 
Personally he thought not, since during the carburising period 
diffusion was taking place the whole time in consequence of the very 
steep carbon concentration gradient which must necessarily exist, 
and it was a well-known fact that diffusion hindered grain-growth. 
From this it followed that the actual grain size might be con- 
siderably larger than the indicated value. What he would like 
to see would be grain size counts on small specimens, carburised 
throughout, after being reheated to, and soaked at, the standard 
temperatures. 

The authors discounted the “ sub-microscopic nuclei ’’ theory, 
although it was difficult to find any evidence why this theory should 
be entirely discarded, apart from the statement that “ there is no 
essential difference in the Al,O, content between fine and coarse- 
grained steel.”” Did it necessarily follow, however, that, for a 
given Al,O, content, there was necessarily the same sub-division of 
the particles in fine- and coarse-grained steel? It might be that the 
dispersion of the Al,O, particles was influenced in some way by the 
aluminium content of the steel. 

The authors favoured the view that it was the ultimate degree 
of deoxidation which was the underlying fundamental principle, but 
if they accepted the statement that it was possible to obtain fine- 
and coarse-grained steel from the same cast, containing the same 
proportions of Al,O,, then it would appear that there was no 
difference in the degrees of deoxidation. Assuming that the 
aluminium addition was made after additions of silicon and man- 
ganese, and if there remained a certain amount of unoxidised 
aluminium in the steel, then the Al,O, content surely became a 
measure of the final deoxidation. To theorise without the support 
of experimental evidence was certainly unwise, but it might be 
suggested that the difference in grain size was attributable to the 
formation of films of Al,O, of different thicknesses around the 
austenite grains. Absolute insolubility was unknown, and it was 
conceivable that a certain minute amount of alumina might exist 
in solid solution in the austenite, the remainder existing mainly in 
the form of thin sub-microscopic films around the austenite grains. 
The greater the amount of aluminium in solution the lower would 
be the solubility of the alumina, with the consequence that some- 
what thicker films of Al,O, would form around the austenite grains. 
The thicker oxide films would then be more resistant to rupture, 
and the austenite crystals would exhibit a lesser tendency to grow 
at specified temperatures. 
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AUTHORS’ REPLY. 


Dr. SWINDEN, in reply, said he would like to take Dr. Hatfield 
first. Dr. Hatfield made reference to the title of the paper. There 
had been several suggestions about that. This time it was quite a 
mild criticism that the title was insufficient. He (Dr. Swinden) 
did not know what other title could have been used. The paper 
purported to be nothing more nor less than a straightforward 
statement of the results which the authors had obtained by corre- 
lating what was called the McQuaid-Ehn grain size with certain 
physical properties, and, personally, he did not think it should be 
necessary to amplify this in any other way, because the phrase 
“controlled grain size,’ to anyone who had read metallurgical 
literature, had a quite definite meaning. 

Respecting the suggestion that the inherent grain size had no 
relationship with the final grain size, t.e., the actual grain size of 
the material as delivered to the customer, he (Dr. Swinden) was 
only anxious that they should not be misled by anything that 
Dr. Hatfield had said. He (Dr. Swinden) wanted to make it quite 
clear—and surely it was clear to them all—that the properties 
stated were those of the material as used by the customer. What the 
authors said was that there was a means of examining material, 
the results of which could be correlated with the test that they 
obtained on their finished product. 

It was quite obvious that they could take two materials of 
different inherent grain size or of the same inherent grain size, and 
by suitable manipulation in hot-working, in finishing temperatures 
and so on, produce almost any grain size they liked. But the simple 
fact was that if they used a steel of fine inherent grain size and put 
it through a normal heat treatment as they had been doing their 
previous large grain size, then on that material they did ‘obtain 
a better impact value. 

He could only resent in the strongest terms the suggestion 
that Dr. Hatfield was the arbiter as to what was out of order in a 
paper presented to the Iron and Steel Institute. 

He (Dr. Swinden) would say this: Until they were agreed on 
the facts as to whether there was a definite relationship between the 
McQuaid-Ehn grain size, as a method of testing, and the physical 
properties, it was rather unnecessary to enter too deeply into the 
theory underlying it. 

He (Dr. Swinden) was taught along with Dr. Hatfield the 
dangers of “ doping” with aluminium. The authors referred to 
this clearly in the paper. What they did try to make quite clear 
at the same time was the essential difference between the “ doping ” 
of a bad steel with aluminium to make it sound, and the making of 
the steel in a definite way by the addition of aluminium so that the 
resulting steel was perfectly sound and had certain enhanced 
properties. It was the fact—but a fact which they could not have 
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assumed—that this steel was not higher in non-metallic inclusions 
than steel of coarse grain size. It was quite absurd to suggest that 
fine grain-sized steel must of necessity have pipe all the way down the 
ingot, holes inside the forging, and so on, as Dr. Hatfield did suggest 
in London. 


Dr. HatFIELD asked if Dr. Swinden were not exaggerating. 


Dr. SWINDEN said not in the slightest. He quite agreed with Dr. 
Hatfield (to use Dr. Hatfield’s own words) that if this were put into 
the hands of people who were not experts in steelmaking, they might 
get excessive pipe and cause anxiety to the customer. But he 
seriously suggested that this was the strongest reason why they had 
not added a further simple table, as could have been added, stating 
that so much aluminium was added to each of these casts, and so 
forth, because, quite seriously, if the same amount of aluminium 
were added with the steel in a different condition, different results 
would be obtained. 

There was no mystery about the matter. The authors had 
tried to emphasise—and it was a considered statement—that the 
controlling factor was related to the degree of deoxidation, and that 
this could be obtained in many ways. The most direct way was by 
the use of aluminium, but it required to be used with discretion ; 
and, if used with discretion, then aluminium-treated steel having an 
inherent fine grain size could be produced in a quality at least equal 
to the coarse-grained steel, as regarded central unsoundness, surface 
unsoundness, or non-metallic inclusions. 

They had, of course, made charts plotting the tensile strength 
against the impact value; and if the Members took the trouble to 
do that for the particular steels to which the authors referred, 
with special emphasis on the value of controlled grain size, they 
would find that for equal tensile strength—that was to say, if the 
treatment of the fine-grained steel had been modified—the impact 
value would be considerably higher; also, as stated in the paper, 
in many cases the high impact values simply could not have been 
obtained except by the production of fine grain. 

He was rather surprised at Dr. Hatfield’s criticism of the range 
which they gave in London to which one could supply commerically : 
That was a two-grade range—l-3, 2-4, 3-5, and so forth. He 
(Dr. Swinden) failed to follow Dr. Hatfield in saying that so wide a 
range would be meaningless—and he ventured to suggest that 
Dr. Hatfield could not do better. 

But it was also a fact that the degree of accuracy with which the 
range could be controlled did depend on the type of steel to some 
extent. He was speaking in reference to Dr. Hatfield’s last remarks 
that they obtained fine-grained steel without treatment with 
aluminium. This was perfectly well known; and he (Dr. Swinden) 
would go further and say that well-made steel of certain types, 
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and particularly types containing vanadium, could not be made 
coarse-grained—it would be impossible—which led one again to the 
point that vanadium was acting as a deoxidiser. To that extent he 
thought Dr. Hatfield and the authors were in agreement. 

Dr. Hatfield finished with the phrase that he did not think they 
would be successful in putting over this grain size idea as a control 
factor of machinability as it had been in the States... . 


Dr. HATFIELD, interjecting, as it had not been in the States. 


Dr. SWINDEN, continuing, said he had not suggested that grain- 
size control was introduced in the States primarily from the point 
of view of stabilising or improving the machinability, but it had 
been stated that controlled-grain-size steel was appreciated very 
considerably in the States from the point of view of machinability. 
That statement had been made repeatedly. 

The authors expressed their thanks to the various speakers 
for their appreciation of this work, and particularly to Mr. Burton, 
who had stated that the results of their tests could be endorsed 
by his own work. Dr. Sarjant, Mr. de Belin and Dr. Gregory had 
referred in some detail to the theory underlying this interesting 
phenomenon. It was agreed by all the speakers that it would be 
unwise to attempt a complete explanation until further data were 
available. The authors felt some gratification in having focused 
attention on this interesting problem, and repeated that, whilst no 
completely acceptable hypothesis was yet available, it was a matter 
of considerable importance that such a hypothesis should be arrived 
at. 

Replying to Dr. Maddocks, the production of fine- and coarse- 
grained steel from one and the same cast relied upon additions of 
aluminium either in the ladle or in the mould, usually the latter, 
but it was emphasised that in commercial production the steel- 
making conditions determined the amount of aluminium required to 
give the desired grain size. 

High-carbon steels were susceptible to grain-size control, and, 
as mentioned in the paper and by several speakers, there were 
definite differences in the characteristics of fine- and coarse-grained 
high-carbon steel. It was agreed that manganese alone did not 
bring about the deoxidation necessary to produce inherently fine- 
grained material. It was possible to produce fine- and coarse- 
grained steel by any method of steelmaking, but, having in mind the 
principles laid down in the paper, certain processes lent themselves 
more readily to the production of fine-grained steel. 

Dr. Maddocks asked whether it was possible to get fine grain 
with a much higher aluminium and silicon content. Dr. Houdre- 
mont had dealt with this point at some length in Diisseldorf, and it 
had an interesting bearing on the theoretical aspect, in that it was 
well known that if the aluminium or the silicon exceeded a certain 
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fairly small content, the effect was to produce a very coarse grain 
size. In the authors’ view, the alloys were acting as true alloys 
with the iron as distinct from their effectiveness as deoxidising 
agents. 

: The authors were not in a position to offer a complete explanation 
of the facts, demonstrated in the paper, that fine-grained material 
age-hardened, but did not suffer age-embrittlement as did coarse- 
grained steel. This was regarded as one feature of the hypothesis 
sought to explain the many interesting characteristics of fine- as 
compared with coarse-grained steel. It might be added, however, 
that in their view the oxygen content was the predominant factor 
in controlling strain-ageing. 

Whether the improved Izod value was related essentially to 
the degree of distribution of the carbide was a matter requiring 
further investigation, but, bearing on this, the careful analytical 
study of the microstructures in the contribution by Mr. de Belin 
was very much appreciated. Reference was made in the paper to 
the different degrees of coalescence of the carbide and the movement 
of the carbide in these two different types of steel. It might be 
that this feature was in some way connected with the oxide content. 

Dr. Gregory’s hypothesis was also very interesting and very 
much on the same lines as that of a written contribution by 
Professor Benedicks. 

The authors were particularly gratified by the most interesting 
and thoughtful contribution by Mr. Russell, with whose views they 
were in complete agreement. Bearing on this, and in answer to a 
question asked by Mr. de Belin, there was no doubt that, had the 
samples in question been water-quenched, then significant differences 
in hardness penetration would have been found between fine- and 
coarse-grained steel. It was certainly not the authors’ intention that 
the reader should infer that fine grain was a panacea for all steel ills; 
on the contrary, it was suggested that the paragraph repeated 
below from p. 486P of the paper was a most restrained statement 
calculated to avoid such a conclusion being drawn : 


“ce 


. . . the authors do consider that grain size control is of 
fundamental importance, and they submit that if and when cases 
arise where the engineer desires a better Izod value with a 
given tensile strength, or, conversely, a somewhat higher 
tensile strength with the same Izod value, he would be well 
advised to consider the possibility of achieving the objective 
by a study of controlled grain size as an alternative to the use 
of a more highly alloyed steel.” 


One had followed closely the work of Mr. Russell on the hardening 
of steel and accepted his contribution as a useful addition to the 
theoretical consideration of the subject. The only point the authors 
wished to make from a practical angle was that if one read the work 
on tool steel one might get the impression that fine-grained steel 
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could be used to advantage only in small sizes. If so, they would be 
badly misled, because, in the types of steel referred to in the paper 
which were usually oil-quenched, this was definitely not the case. 
On the contrary, by the use of fine-grained steel one had been able 
to increase the size in which satisfactory impact tests could be 
obtained without reverting to the use of a more highly alloyed steel. 

Similarly, the authors would add a word about machinability. 
It was never questioned that reports concerning the difficulty of 
machining fine-grained steel had a solid foundation in fact under 
certain conditions, but it was pleasing to note that Dr. O’Neill* 
was good enough to confirm that the fine-grained steel with which he 
had had experience had given no difficulty in machining. If, in 
fact, under other conditions of machining the results were not 
so satisfactory with fine-grained steel, then the user must decide 
whether he would modify his machining conditions to suit fine- 
grained steel, or even whether some sacrifice in machining speed 
should be made in order to obtain the advantages of fine-grained 
steel, with particular reference to greater ease of heat treatment, less 
distortion and better physical properties. Accepting the state- 
ment that under certain machining conditions fine-grained and 
coarse-grained steels behaved differently, then surely it was of still 
greater importance to have a regular and controlled grain size. 
Dr. O’Neill spoke with some practical experience, and the authors 
entirely endorsed his plea that the subject was worthy of a thorough 
metallurgical study, in order to determine the true theory under- 
lying the results obtained. It was for each to decide for himself, 
producer or user, whether the control of grain size as defined in the 
paper was of interest to him or not, but it was submitted that 
sufficient work had been done to indicate that, in the authors’ view, 
it was an important matter and one which neither producer nor 
user could afford to neglect. 


1 Journal of the Iron and Steel Institute, 1936, No. II., p. 518 P. 
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THE PRACTICAL IMPORTANCE OF THE 
DAMPING CAPACITY OF METALS, 
ESPECIALLY STEELS. 


By Proressor Dr.-Inc. O. FOPPL, V.D.I. (Director of the Wohler 
Institute; Technical High School, Brunswick). 


This paper was presented for discussion at the Autumn General Meeting 
held in Diisseldorf, Germany, on September 21 and 22, 1936, and was printed 
in the Journal of the Iron and Steel Institute, 1936, No. II., p. 393 Pp. It was 
presented for further discussion at a Joint Meeting of the Iron and Steel 
Institute, the Sheffield Society of Engineers and Metallurgists and the Sheffield 
Metallurgical Association, held in Sheffield on November 16, 1936, and the 
discussion which took place is recorded below. 





DISCUSSION. 


Professor F. Bacon (Swansea) presented the paper in the absence 
of the author. He said that Dr. Hatfield had suggested that he 
should begin by explaining what “damping” meant. It was 
rather inviting, but he did not want to trouble the gathering with 
elementary things if they were not needed. It was quite true that 
Professor Féppl had perhaps made his paper rather incompre- 
hensible to English readers by using phraseology of his own, whereas 
they could go back to about the year 1889 and find phraseology 
invented by Lord Kelvin and promulgated by his student Professor 
Ewing, his (Professor Bacon’s) old professor at Cambridge, which 
was adequate for his purpose. 

(Professor Bacon reproduced on the blackboard Professor Féppl’s 

Fig. 1, and explained its details in the terms employed by Professor Féppl.) 


Professor Féppl was all the time facing criticism in his own 
country. He (Professor Bacon) could not quite tell where we 
stood in Britain, but it seemed to him we were more ready to admit 
at the present time that Professor Féppl’s contentions were right. 
In his paper he pointed out how nine years ago it was considered 
in Germany just as serious to exceed the elastic limit as to exceed 
the fatigue limit; but, as a matter of fact, they practically always 
exceeded the elastic limit at spots of high stress concentration 
caused by “ notches,” and they could get very considerable hysteresis 
loss, valuable for damping vibrations well below the fatigue limit. 
At any rate it had been positively proved experimentally that the 
capacity for dissipating energy in the form of heat by damping 
was unlimited, and that the process could be continued indefinitely 
without any risk of ultimate failure by fatigue. Thus it was seen 
that damping capacity was a property of genuine practical import- 
ance in judging materials, and that it could be relied on to the same 
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extent as could the breaking extension of the steel of a machine 
part, which remained unchanged in magnitude after running for 
30 or 100 years. As a result of the research work of the last few 
years, no mechanical engineer should cherish the illusion that 
working stresses in a material such as steel could be kept within a 
range which was purely elastic. On the other hand, it was now 
known that in many cases it was precisely by taking advantage 
of the damping capacity of material that it was possible to protect 
it from overload. 

Professor Féppl went on to say that damping as a material 
characteristic would have the advantage that when suitably re- 
duced it might be rendered independent of the shape of the specimen. 
Also it was the average of an effect extending through the entire 
volume of material under stress, and so was independent of weak 
spots. 
zi Professor Féppl gave curves for crankshaft steels, and he had 
plotted this against strain instead of against stress. If they wanted 
to find stress they had only to multiply the strain by the appropriate 
elastic constant, viz., H or G as the case might be. | 

Professor Féppl took up the question of what damping depended 
on, and found that it primarily depended on the maximum shear 
stress, because if he compared what he found in torsion with what 
he found in bending, then the two curves would fit on top of each 
other fairly well when they were plotted; so that what was shear 
stress from torsion was the same as half the tensile stress from 
bending. They did not quite fit, however, and the factor to make 
them fit varied in a rather peculiar way. For steels where it should 
be theoretically 0-5 it actually varied from 0-53 to 0-6. But quite 
different from that, electron was altogether exceptional, and 
instead of something rather greater than 0-5 they had to use 0-36. 
Electron altogether seemed to be rather a strange material from the 
damping and fatigue points of view. Then Professor Féppl drew 
attention to two curves which had created a certain amount of 
interest, because they were examples where one would expect to 
get identical results. They both referred to bending. But he got 
widely different values, one eight or ten times the other, and so far 
as he knew the only reason was that the curve giving the higher 
values was obtained from a square bar that had not been rolled 
down to such small dimensions. So there seemed to be a great 
probability that rolling-mill conditions and possibly even previous 
steelmaking conditions had a great deal to do with the actual 
value of damping found. 

Professor Féppl pointed out what he thought they all now 
admitted—that damping was valuable, and was, so t® speak, a 
guarantee against the occurrence of unusually high stresses due 
to vibration. 

Then Professor Féppl attacked criticism. He said: ‘ You 
say against my contention that notch-toughness goes with high 
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damping, that it does not work out in the case of certain light alloys, 
which are not notch-sensitive, and yet which have very little 
damping capacity’; and he explained that away by saying that 
these light alloys were full of unsuspected internal flaws, and did 
not break from the surface in the ordinary way. 

In Section 8 Professor Féppl dealt with some examples of 
the importance of damping capacity under service conditions. 
The examples he gave started with an overhead electric cable. 
If that was vibrating owing to a transverse wind, he said it would 
last longer if made of weak copper rather than of strong aluminium, 
owing to the superior damping of the copper. He mentioned wings 
of aeroplanes and aeroplane propellors as examples where damping 
in material was of great value; then crankshafts; and last of all 
steam turbine blades. He (Professor Bacon) believed Professor 
Foppl’s remarks about steam turbine blades were somewhat novel. 
At least, he fancied they had not been printed before. Of course 
the question of crankshafts had often been discussed. 

Professor Féppl gave four causes tending to reduce the vibration 
of turbine blades. He named the absorption of energy at the clamped 
end, where small relative movements were resisted by friction, 
and pointed out that vibration energy from the moving blade was 
transmitted to and dissipated in the rotor. He (Professor Bacon) 
realised perhaps that this was rather an engineering question, 
but after all turbine blades were surely a case where they could 
indulge in fancy alloys which were rather expensive. It was a 
case where if they could supply something quite special from the 
damping point of view, it might be eagerly used and be quite a 
profitable business for everybody concerned. 

Then Professor Féppl described various methods for determin- 
ing damping, all of which he used at his own Institute, but his 
preference was to employ the method of free torsional oscillations. 
He described this at greater length, and a photograph of the machine 
was reproduced in bigs. 5 and 6; a feature of that apparatus to 
which he attached great importance was the fact that it was slung 
by a single wire. He did not do this at first, but anchored it to a 
foundation, but he found he could not prevent leakage of vibration 
energy away from the specimen, and he wanted of course to avoid 
that; and his method, which proved to be entirely satisfactory, 
was to sling the frame by a slender wire so that hardly any stresses 
could exist between the frame and anything suspending it. He 
gave a number of curves. In Fig. 7, for instance, they had on the 
left wave curves for strongly damping material, in which class they 
found cast iron, and at the other extreme, Fig. 8 (wave curves for 
feebly damping material), hard duralumin, for instance, showed 
very little damping indeed, and in fact in that respect it was almost 
as good as hardened ball-bearing steel, where the deliberate in- 
tention was to find a material with almost no damping, so that he 
could estimate the losses in his machine apart from the specimen. 
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He (Professor Bacon) would not attempt to say anything about 
the other methods of measurement. Professor Féppl had said 
enough to make them clear to anybody who had not previously 
realised how they were done. 

Professor Féppl took up the question of the influence of the 
speed of deformation, and told them, as probably they knew, that 
the time factor was negligible for frequencies between 100 and 
2000 cycles per min. On the other hand, he admitted that if the 
elastic limit was seriously overstepped and they went very slowly— 
and that was what they did in the case of what Professor Féppl 
called “ static calibration ’—they would find more damping than 
if they used the method which performed the cycle quickly. 

Professor Féppl compared a good many materials in Fig. 11. 
They saw a great variety of curves, and they would find an even 
greater variety in a long contribution to the discussion of this 
paper which had been submitted by Dr. Hempel. 

Professor Féppl ended with a section on additional damping 
in a riveted joint. He pointed out what he (Professor Bacon) 
thought they already knew, namely, that when they replaced a 
riveted construction by a welded construction, they were much 
more likely to get trouble with vibration—e.q., in a ship’s structure— 
because the slight rubbing to and fro in the riveted joint had a 
considerable external damping action which could not exist in a 
welded joint. He suggested that the only way out was to find 
a steel which in itself gave sufficient damping and at sufficiently low 
stresses. He pointed out that no such steel existed, though cast 
iron was more or less of that character already, and said that the 
ideal steel for the particular purpose of welded construction was 
by no means the steel with the highest possible elastic limit, but, 
on the contrary, a steel with no truly elastic range, and which, 
like cast iron, exhibited some plastic strain at very low stresses. 


Mr. G. STANFIELD (Sheffield) said that the subject of damping 
was one which had not received very much attention until the last 
few years, although the fact that hysteresis loops occurred even at 
low stresses had been known for a very long time. He thought 
that in many cases, when, in the early days, this effect had been 
obtained, there had been a tendency to attribute the result to some 
peculiarity about the method of fixing the extensometer and to 
think it was mainly due to inaccuracy. They knew to-day that 
this was very far from the truth, and that damping did occur even 
at stresses far below what they had normally looked upon as the 
elastic limit. In fact, by taking a very strict definition of elastic 
limit, they were going to get figures far below what, were even 
ordinary working stresses. 

Professor Féppl had studied the subject for a very long time, 
and they were very much indebted to him for putting the facts 
so clearly and plainly as he had done. They were also indebted 
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to Professor Bacon for making those facts presentable to an audience 
like themselves. Professor Bacon had done a great service by so 
~— giving the exact interpretation of the symbols and expressions 
used. 

He did not think damping should be looked upon as a new factor 
which was going to upset all their previously-conceived ideas. Any 
effect, for example, which occurred owing to damping in ordinary 
fatigue tests was already taken into account when the fatigue limit 
was determined, and it would not be necessary to revise their 
knowledge of what fatigue limits were. 

The practical effects of damping undoubtedly did arise in many 
cases—not only in the cases quoted by Professor Féppl, but in many 
others. 

He thought there was a tendency always when a new factor 
was given prominence for people to jump on that factor and say : 
“This is the thing we want to know.” That occurred when the 
importance of the impact test was first appreciated. There was a 
tendency then for steel consumers to come along and say: “ Give 
us a high impact figure, and that is all that matters.”” There might 
equally be a tendency to do this with damping properties, but 
damping was not going to be the one criterion in the future by which 
they would judge steels; in fact, good damping properties were 
only of advantage in a limited number of practical cases. Those 
cases were the ones where vibration could occur, and where, owing to 
resonance effects, there was danger of building up high stresses. 
The effect of damping was that the high stresses due to resonance 
could be very much restricted, and what might cause failure in an 
absolutely perfect elastic material might in many cases jist be 
taken care of by limiting the amount of stress that was developed. 

Professor Bacon had referred to the ingenuity shown by Pro- 
fessor Féppl in carrying out his tests. All tests where energy 
absorption was in question—and this applied even in the Izod 
test—were liable to some error if they did not eliminate extraneous 
causes of dissipation of energy such as those due to imperfect 
supports. Professor Féppl’s method of getting rid of these in his 
tests was extremely ingenious. 

With regard to the results obtained on the various materials 
tested, as given in Fig. 2, he would like to point out that the damp- 
ing ratio varied according to the amount of stress which was applied. 
For a low stress smaller values were obtained for the ratio than for a 
high stress; and the figures given in the Table were worked out for 
the case where the upper limit of stress was made equal to what was 
considered to be the fatigue limit of the material. 

He mentioned this because he considered that these figures 
should not be taken in themselves as representing the relative 
merits of different materials. If they were to take another criterion, 
i.e., the damping effect, for a standard value of working stress, say, 
5 tons per sq. in., then they would get a different picture of the 
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relative merits of the different materials considered. It was also 
to be noted that the high damping ratios quoted for these materials 
were not likely to be developed in many practical cases, because 
in practice the working stress was definitely limited to what was 
considered to be a safe value. There was usually a substantial 
factor of safety between the working stress and the fatigue limit; 
and, that being so, unless the working conditions brought about 
extraordinary conditions of stress, such as increased stress by re- 
sonance effects, the damping feature was not going to be called 
upon; when such special conditions arose, it was not yet clear to 
what extent the damping capacity would be effective in preventing 
damage. 

One conclusion arising from a review of the data given for the 
different materials was that much more experimental work was 
required on other materials to permit of a proper study of these 
properties. Values were quoted for 15 or 20 materials, and in 
each case a particular heat treatment had been given. The relative 
values would probably be substantially modified if different heat 
treatments had been given. Damping was no doubt related to the 
type of structure. 

There was one suggestion from the present figures, namely, 
that in the case of normalised or annealed low- or medium-carbon 
steels they did get a high damping ratio; this might be a possible 
justification for the favour in which mild steel was held for crank- 
shafts. Certain alloy steels with higher tensile properties (possibly 
with modified heat treatment) would no doubt be found to give 
damping characteristics higher than those of the usual hardened 
and tempered alloy steels. 


Dr. W. H. Hartriecp, F.R.S. (Vice-President, Sheftield), said 
that he could not add much to what Mr. Stanfield had said. The 
first thing he would have done would have been to ask Dr. Féppl 
really to define the elastic limit as he used it in his paper. Mr. 
Stanfield and he (Dr. Hatfield) did not think in terms of elastic 
limit at all. ‘They had not done so for many years. They had been 
quite satisfied to use the fatigue range as a standard of reference. 
But in using the fatigue range for 10,000,000 cycles, they used that 
fatigue range with the knowledge that it was for 10,000,000 cycles. 
It was quite clear that if they were considering the behaviour of a 
propellor shaft of an ocean liner—which, for instance, in its lifetime 
of 20 years would probably make 800,000,000 revolutions—if they 
so devised their fatigue tests to cover 8UU,000,000 cycles they would 
quite clearly take care in an empirical way of all factors including 
the damping effect as regarded that particular steel. rm 

The author asked for steels with sufiicient damping quality. 
He then gave instances of the damping capacity of various steels 
in the Table to which Mr. Stanfield had referred. He further 
proceeded to mention turbine blading. To his (Dr. Hatfield’s) 
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certain knowledge the most successful turbine blading material 
at the present time was one of low damping capacity. That was, 
of course, the 13°/, chromium steel which had been hardened and 
tempered—hardened and tempered to give a high yield point, which 
meant a comparatively high fatigue range. 

Then, as he sat listening to Professor Bacon, he thought of 
Dr. Dorey’s remarks that the damping effect of mild steel was no 
doubt one of the causes of its continued favour. But surely, if they 
considered the modern aero engine, the most highly stressed parts 
of the modern aero engine were in a condition of very low damping 
capacity, as amplified by the figures in the author’s Table. 

So that, whilst he, along with Mr. Stanfield, and, he believed, 
all members of the Institute were greatly interested in this work 
of Professor Féppl’s, he for one thought that it must be given its 
due place and no more. With these reservations, he had no doubt 
that, within the limits of fact, this work was of a most reliable 
nature, and worthy of every consideration. 


Mr. G. Westey Austin (Greenock) wished to voice his thanks 
together with the previous speaker’s to Professor Bacon for his very 
careful presentation of this rather difficult subject. 

Dr. Hatfield wondered about its relative importance, and 
said they must keep things in a proper perspective. In the pro- 
gramme of the Alloy Steels Research Committee the subject was 
put down as No. 33, so that whilst it had not been lost sight of, 
it was rather at the end of the list. 

There were one or two practical points that interested him in 
the paper. Mr. Stanfield had referred to them, and Professor 
Bacon had emphasised them. He (Mr. Wesley Austin) was 
interested in the relative unreliability of the light alloys, and he 
thought that this method of test might perhaps throw some light 
on the cause of this. Professor Féppl had also pointed out one 
definite advantage of riveting over welding which he (Mr. Wesley 
Austin) thought was of intense importance. 

Dealing with one or two points in detail, Professor Bacon 
said it was quite easy to transfer from strain to stress by multiplying 
by the modulus. Might he ask if the dynamic modulus was in- 
tended, and whether he thought there was a great difference between 
the static and the dynamic modulus? This appeared to be of some 
importance. 

He would also be very pleased to know if Professor Bacon could 
give them any indication whether this method of test would indicate 
that any difference in the results from fatigue tests carried out at a 
constant load, or at a constant deflection, was likely. 
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REPLY TO DISCUSSION. 


Professor F. Bacon (Swansea), who had presented the paper 
in the author’s absence, wrote in reply that he had had the advantage 
of ascertaining Professor Féppl’s comments on the printed report 
of the discussion at Sheffield; but, except where specifically 
indicated, Professor Féppl must not be held responsible for the reply 
which followed. 

As a great deal of attention had been directed to the huge 
discrepancies in damping capacity which Sonnemann had found 
between two separate bars of what was supposed to be the same mild 
steel, it was important to bear in mind that the steel in the two bars 
was not really identical in any rigorous sense. They were not known 
to be rolled from the same cast. Indeed, the bars probably emanated 
from different steelworks. They had merely been bought in the 
German market as two bars (of different section), both of which were 
sold as conforming to German specification St.37.12. Professor 
Féppl had not had the bars analysed and was quite ready to admit 
that their carbon contents might have differed by 10%. Indeed, no 
comparative tensile tests had been made, and it was quite possible 
that their ultimate strengths might have differed by as much as 
2 tons per sq. in. But whatever the differences were, the differences 
in damping capacity were greater out of all proportion than differ- 
ences which could have been ascertained by ordinary chemical or 
physical tests. 

Professor Féppl’s main contention was that a tenfold change 
in damping capacity had been found to exist between two bars of 
mild steel bought as conforming to the same specification within 
commercial tolerances. Nobody yet knew what was the main cause 
behind these huge variations in damping capacity. Professor 
Féppl thought that the effect of rolling down a bar, say, from 
¢ in. X ? in. to } in. X 3 in. would not greatly affect the damping 
capacity. 

He (Professor Bacon) was very interested in what Mr. Stanfield 
and Dr. Hatfield had told them about elastic limits. Undoubtedly, 
careful extensometer tests on heat-treated alloy steels entirely 
undermined text-book statements about elasticity which were 
founded on (and ought to be limited to) the behaviour of ordinary 
wrought irons and mild steels. Again, Professor B. P. Haigh had 
shown that text-book behaviour was not even true of mild steel when 
special precautions were taken to eliminate stress concentrations 
and eccentric loading. 

It was not clear whether Mr. Stanfield had omitted to mention the 
value of damping capacity as an index of notch-toughness in fatigue 
because he disagreed with it. On theoretical grounds, he (Professor 
Bacon) thought nobody could dispute Professor Féppl’s contention 
that the peak stresses at a “‘ notch ” must be lessened when part of 
the total extensions in the zone of local stress concentration were 
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plastic. It followed as a logical consequence that high damping 
capacity lessened notch sensitivity in fatigue unless some other 
factor (e.g., local unsoundness) masked the effect. 

Undoubtedly, damping values could be greatly affected by 
past history ; but if every experimenter had taken the same stringent 
measures to exclude errors as had become standard practice at the 
Wohler Institute, he (Professor Bacon) was disposed to think the 
published variations in damping capacity would be less capricious 
and puzzling. 

On the whole, both Becker! and Knackstedt 2 had obtained 
fairly close agreements between the damping capacities of a given 
material as measured by the various methods available. Such 
checks were significant and reassuring. 

Professor Bacon was rather surprised that Dr. Hatfield had 
described hardened and tempered 13°% chromium steel as a steel 
of low damping capacity. His own experiments at Swansea, using 
the rise-of-temperature method on a long rotating specimen sub- 
jected to uniform bending moment, had led him to think that this 
steel had a much higher damping capacity than, say, 5° nickel steel 
as used for turbine blades. 

Quite apart from this, an author who wrote on the practical 
importance of damping could hardly be expected to dwell on the 
numerous cases where damping was (or at least appeared to be) 
un-important. Nor could it be said with any certainty as yet that 
damping was only a good index of fitness for certain purposes where 
its importance was obvious. 

In regard to Dr. Hatfield’s reference to the highly stressed parts 
of a modern aero engine, was it not a fact that the successful em- 
ployment of high-tensile low-damping steels had only been achieved 
by the rigorous adoption of every conceivable refinement in design 
and finish calculated to exclude, or at least minimise, local concentra- 
tions of stress—precautions which, to anybody short of an aero- 
engine designer, seemed utterly fantastic ? 

In reply to Mr. Wesley Austin, Professor Bacon thought that 
any differences that there might be between static and dynamic 
elastic moduli would seldom affect conversions of strain into stress 
to an extent which would matter when interpreting damping curves. 
Special corrections were occasionally necessary when the fatigue 
limit happened to be considerably above the static yield point; 
cases of this kind had been dealt with in a paper by Schmidt.® 

It should not matter whether fatigue tests were carried out at 
constant stress or constant strain unless the elastic constants 
suffered change as the test proceeded. Such changes were more 
likely to occur when the stress range was high. 


1 Becker, Forschungshefte des Vereines deutscher Ingenieuré, 1928, No. 304. 

? Knackstedt, Mitteilungen des Wohlers-Instituts, Braunschweig, 1930, 
No. 4. 

3 Schmidt, ibid., 1931, No. 9. 
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The translation of Professor Féppl’s paper and the attempt 
to present the author’s views in Sheffield had both been pleasant 
and rewarding tasks, and it was very gratifying to find that in 
America as well as at home, both engineers and metallurgists had 
expressed themselves as glad that the work had been undertaken. 
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REFRACTORY MATERIALS 





The Manufacture of Refractory Articles from Pure Oxides of 
High Melting Point. J. R. Partridge and J. R. Lait. (International 
Congress on Glass: Journal of the Society of Glass Technology, 
1936, vol. 20, Aug., pp. 200-217). The manufacture is described 
of crucibles, rods and tubing from the pure refractory oxides 
Al,O;, MgO, BeO, ThO,, and ZrO,, and a general account given of 
the production of highly refractory articles by fusion casting, slip 
casting, and by the use of temporary bonding agents. Spacers of 
high electrical resistance for wireless valves are produced by mould- 
ing Al,O, and MgO under pressure to tolerances of + 0:5°%. Wet 
paste and slip casting processes are employed for the production of 
crucibles. For the extrusion of rod or tubing a plasticising agent 
of flour containing NH,OH is used for alumina, and a cellulose 
composition for magnesia. The particle size must be graded to 
suit the diameter of the extruded shape. The extent of the firing 
shrinkage is controlled by particle-size grading, by the ratio of plas- 
ticiser to material, and by the use of material pre-calcined at 
different temperatures. Data are given on the chemical, thermal, 
and electrical properties of the materials produced. 

Barium Aluminium Silicates as Refractories and their Use for 
Different Technical Purposes, F. Singer. (Transactions of the 
Ceramic Society, 1936, vol. 35, Sept., pp. 389-396). The author 
discusses the technology of barium aluminium silicates and their 
use as refractories. 

Young’s Modulus of Elasticity, Strength, and Extensibility of 
Refractories in Tension. R. A. Heindl and L. E. Wong. (Journal 
of Research of the National Bureau of Standards, 1936, vol. 17, 
Sept., pp. 463-482). Young’s modulus of elasticity, strength and 
extensibility were determined at ordinary temperatures upon the 
following materials in tension: 16 brands of fireclay brick with a 
wide range of silica content, representing the stiff-mud, dry-press, 
and handmade methods of forming; one brand each of silica brick, 
chrome, forsterite, 60° alumina, 80% alumina and of mullite. A 
comparison is made of the tensile properties of specimens obtained 
parallel to the 9-in. dimension with those obtained parallel to the 
4}-in. dimension. The effects of the method of setting the bricks 
in the kiln during firing, load during firing, and weight of the brick 
on the tensile properties of fireclay brick made by the dry-press 
process were briefly studied. With one exception, the tendency is 
quite general for the tensile properties to vary greatly not only 
between units, but also within the unit. 
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Some Observations Regarding Refractories for Iron Blast Fur- 
naces. R. A. Lindgren. (American Institute of Mining and 
Metallurgical Engineers, 1936, Technical Publication No. 752: 
Metals Technology, 1936, vol. 3, Oct.). The author outlines some 
of the advances that have been made and the problems still to be 
solved in perfecting a superior refractory for the lining of the iron 
blast-furnace. The necessity for accuracy of size and shape, the 
requirement of a homogeneous internal structure, and the problem 
of disintegration of brick in a lining are discussed. Close co- 
operation between the research engineer and the furnace operator 
is stressed as being essential for the solution of the problem of 
suitable refractories for the iron blast-furnace. 

Behaviour of Cupola Refractories Under Severe Conditions. 
J. Lowe, (Transactions of the American Foundrymen’s Associa- 
tion, 1936, vol. 44, pp. 236-247). In the opinion of the author, 
while much information has been acquired during the past years 
with regard to cupola practice, very little has been written about 
cupola refractories. The author states that with all-round co- 
operation, what are considered severe operating conditions to-day 
may be considered normal in the future. He indicates what may 
be the ideal in cupola operation of the future, and gives several 
instances of what he considers to be severe cupola operation to-day. 

A Comparison of the Thermal Expansion of Used Silica Brick 
from an Insulated and an Uninsulated Open-Hearth Furnace Roof. 
R. H. H. Pierce, jun., and J. B. Austin. (Journal of the American 
Ceramic Society, 1936, vol. 19, Oct., pp. 276-287). The authors 
have compared the thermal expansion of used silica brick from an 
insulated and an uninsulated open-hearth furnace roof. The data 
obtained made possible the determination of the average dis- 
tribution of temperature through the brick in service, which, com- 
bined with existing data on thermal conductivity of silica brick, 
permits an estimation of the mean thermal conductivity of that 
part of the brick into which iron oxide has penetrated. This con- 
ductivity is greater than that of the rest of the brick and has a 
negative temperature coefficient in contrast to the positive coefficient 
for the unaltered part. 

The Properties of Open-Hearth Furnace Checker Bricks. T. 
Swinden and J. H. Chesters. (Transactions of the Ceramic Society, 
1936, vol. 35, Oct., pp. 469-482). A strong similarity has been 
found in such of the physical properties of fireclay and semi-silica 
bricks as would affect their use in open-hearth furnace checkers. 
A comparison of the properties of used and unused checker bricks 


Suggests that, provided the bricks are unglazed and can readily be 


freed from dust, they can be re-used without any loss ix operating 
efficiency. Analyses of steel furnace checker dusts and of samples 
of slagged brick indicate that iron oxide (45%) and lime (10%) are 
the principal corroding materials, but that other oxides, notably 
those of sulphur, zinc, and the alkalis, may be present in very 
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considerable amounts. The problems involved in choosing between 
the various shapes and arrangements of checker bricks are com- 
mented upon. 

Testing Refractories Against the Corrosive Action of Electric 
Furnace Phosphate Slags. G. R. Pole and D.G. Moore. (Journal 
of the American Ceramic Society, 1936, vol. 19, Oct., pp. 259-270). 
The authors have developed a new method as a means of testing 
refractories against molten phosphate furnace slag at 1450° C. 
The slag was essentially a monocalcium silicate. Bricks measuring 
13} by 44 by 2} in. were used as test specimens. An oil- 
fired pot-type furnace, 24 in. in dia. and 12 in. deep, was used for 
the test. Four refractories were tested at one time by this method. 
The test bricks were suspended from a silicon carbide crown and 
dipped 2} in. into the molten slag bath. The degree of corrosion 
was measured by determining the volume and weight losses of the 
refractory. Petrographic studies were made on a number of the 
bricks after testing. Quantitative data on twenty-two brands of 
refractories tested by this means are given. 
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Combustion Chamber Design for Industrial Furnaces. M. H. 
Mawhinney. (Industrial Heating, 1936, vol. 3, Sept., pp. 563- 
566, 596). The article summarises the important factors affecting 
the design of the combustion chamber of industrial furnaces. 

The Utilisation of Commercial Gases from the Viewpoint of Com- 
bustion Technology. H. Briickner and H. Lohr. (Zeitschrift des 
Vereines deutscher Ingenieure, 1936, vol. 80, Oct. 17, pp. 1275- 
1279). The authors discuss the determination of the rate of igni- 
tion of gases mixed with air or oxygen, and describe the importance 
of the “ specific flame efficiency ” for the judging from the com- 
bustion point of view of pure and commercial gases. This “ specific 
flame efficiency ”’ of a combustible gas is defined as the heat output 
in k.cal. per sq. cm. per sec. which the gas produces in a standard 
burner of 1-128 cm. dia., which conforms to a cross-section of 1 sq. 
em. at a pre-determined height of cone, as a function of the com- 
bustible gas: air mixing ratio. Formule for the calculation of 
this flame efficiency are provided. With the aid of an example 
(producer gas) the authors finally demonstrate the degree in which 
the flame efficiency may be increased by preheating. 

Power House for Bethlehem’s Strip Mill. (Blast Furnace and 
Steel Plant, 1936, vol. 24, Sept., pp. 803-804, 826). The power 
house which serves the new and complete continuous mills at the 
Lackawanna plant of the Bethlehem Steel Company is described. 

Electricity and Progress in the Steel Industry. L. A. Umansky. 
(Iron Age, 1936, vol. 138, Sept. 17, p. 34). The author summarises 
the advantages contributed to the steel industry by electricity. 

Rank of Coals as Indicated by Oxygen Absorption. H. L. Olin 
and W. W. Waterman. (Industrial and Engineering Chemistry, 
1936, vol. 28, Sept., pp. 1024-1025). The authors show that the 
readiness with which freshly exposed coals absorb oxygen even at 
ordinary temperatures is the most conspicuous specific and purely 
chemical property which may be traced in ascending or descending 
order of magnitude and correlated with the chemical age of coal, 
thus indicating the rank of the coal in the long scale extending from 
lignite to anthracite. 

Treatment of Washery Water : Practical Aspects of Flocculation. 
L. W. Needham. (Transactions of the Institution of Mining En- 
gineers, 1936, vol. 92, Oct., pp. 28-48). The author discusses in 
considerable detail the technical and practical aspects of the treat- 
ment of washery water by flocculation. Flocculation with electro- 
lytes and with colloids is described, and there are observations on 
the properties of flocculated suspensions. 
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Reconstruction at Lambton Coke Works. (Iron and Coal Trades 
Review, 1936, vol. 133, Oct. 23, pp. 709-710). The new installation 
of 30 Collin simple regenerative ovens at the Lambton Coke Works 
is described. 

Standpipe Valve for By-Product Ovens. (Steel, 1936, vol. 99, 
Sept. 14, p. 114). An improved design of the liquor-sealed stand- 
pipe valve for by-product coke-ovens is described. It is unusual 
in that it involves no major moving parts. 

British Standard Method for the Determination of the Agglutin- 
ating Value of Coal. (British Standards Institution, No. 705-1936). 

Recovery of Blast-Furnace Flue Dust from Scrubber Water. 
T. B. Counselman. (American Institute of Mining and Metal- 
lurgical Engineers, 1936, Technical Publication No. 743: Metals 
Technology, 1936, vol. 3, Sept.). The author discusses the flow 
sheet of cleaning blast-furnace gas and recovering flue dust. After 
a consideration of various types of thickeners and the methods of 
withdrawing and drying the sludge, the author deals with the 
agglomeration of the filter cake. 

Town Gas in Sheffield Steel Industry. R. Halkett, jun. (Gas 
World, 1936, vol. 105, Oct. 17, Industrial Gas Supplement, pp. 
11-14). The author gives an interesting account of the economics 
involved in the use of town gas instead of producer gas or coal for 
the heating of furnaces in the heavy and light steelmaking industries. 
The work of the research department of the Sheffield Gas Company 
is also described. 

Measurement of Oil Flow to Furnaces. J. R. Ratcliff. (Wild- 
Barfield Heat-Treatment Journal, 1936, vol. 2, Sept., pp. 23-26). 
This article deals with the design, construction, and use of meters 
designed for the measurement of oil flow to furnaces, and describes 
the different types of instrument to suit various services. 
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Cardiff Works of Guest Keen Baldwins Iron and Steel Company, 
Limited. (Iron and Coal Trades Review, 1936, vol. 133, Oct. 16, 
pp. 643-656). A detailed and illustrated description is given of the 
coal-handling and washing plant, coke-oven plant, by-product 
plant, blast-furnace plant, gas-cleaning plant, soaking-pit plant, 
rolling mills, gas distribution, steam-raising plant, and electric power 
plant at the Cardiff works of Messrs. Guest Keen Baldwins Iron and 
Steel Company, Limited. 

Bin Feeder and Screening Device. (Blast Furnace and Steel 
Plant, 1936, vol. 24, Aug., pp. 693-695). A description is given of 
the Jeffrey-Traylor conveyor and screening system as applied to the 
handling of iron ore at the storage bins of a blast-furnace plant. 

The Development of the Tap-Hole Plugging Machines. W. 
Rohde. (Stahl und Eisen, 1936, vol. 56, Oct. 29, pp. 1297-1301). 
The development of tap-hole plugging machines is illustrated by 
means of several examples. With the earlier machines the blast 
had to be disconnected when plugging, so that furnace troubles 
could easily arise. The new machines operate against the full blast 
pressure and flow of iron. Besides simplifying operations, the use 
of modern tap-hole plugging machines reduces the risk of accidents 
due to badly plugged tap-holes and during the operation of plugging. 

The Production of Iron in Norway. Modern Progress in Electric 
Smelting. H. Christiansen. (Metals and Alloys, 1936, vol. 7, 
Sept., pp. 225-228). The history of the Norwegian iron industry 
is sketched, and a description given of the electric smelting processes 
at present in use. The “ Electrometal ” and “ Tinfos ’’ furnaces 
are further described. 

Dud Dudley and the Early Coal-Iron Industry. R. A. Mott. 
(Transactions of the Newcomen Society, 1934-1935, vol. 15, pp. 
17-31). In this paper the author reviews critically the career, 
writings, and metallurgical work of Dud Dudley. 








(Jc 


eng 
gor 
cas 


(Ir 
sys 








FOUNDRY PRACTICE 


Engineering and its Relation to the Foundry. G. W. Zabel. 
(Journal of the Western Society of Engineers, 1936, vol. 41, Aug., 
pp. 202-208). This paper reviews the foundryman’s relation to 
engineering as displayed in the design of castings and the effect that 
good or bad engineering may have on his success in producing 
castings. 

Dodge Spends $250,000 on Foundry Air-Cleaning Installation. 
(Iron Age, 1936, vol. 138, Sept. 3, pp. 36-39). A new air-cleaning 
system handling a total of 750,000 cu. ft. of air per min. has been 
put to work in the foundry of the Dodge Division of Chrysler Corp., 
Detroit, and is described in this article. 

Determining the Height of Molten Metal in the Cupola. C. 
Harmon. (Transactions of the American Foundrymen’s Association, 
1936, vol. 44, pp. 98-101). The author points out that unless several 
complete charges are maintained in the hearth and well mixed, it is 
very likely that the calculated analysis will not be obtained, regard- 
less of the care exercised in charging. This is due in part to the 
fact that various sections of the charge melt at different rates. 
To correct the condition of varied analysis and to facilitate the 
mixing of several charges in the well of the cupola, a device has been 
perfected which indicates the height of the molten metal in the 
cupola. The author describes the device and its various advantages. 

Symposium on Pearlitic Malleable Cast Iron. (American Society 
for Testing Materials, 1936, Jan. 27). The symposium consists of 
material assembled from various sources and contributed by in- 
dividuals interested in pearlitic malleable irons. The term, pearlitic 
malleable iron has been used as the best compromise for designating 
materials cast as white cast iron and subsequently heat-treated so as 
to retain significant amounts of combined carbon. 

The Retarding Effect of Certain Metallic Elements on Graphitisa- 
tion. H.A. Schwartz, H. H. Johnson, and C. H. Junge. (American 
Society for Metals, 1936, Oct., Preprint No. 29). The effects 
of chromium, manganese, molybdenum, and vanadium on the 
graphitising reaction are studied from the viewpoint of their effects 
on the graphite nodule number per unit volume and on the migratory 
rate of carbon iniron. Data are given for the progress of graphitisa- 
tion with time of strictly comparable alloys differing only in relatively 
low concentrations of the retarders. Data are also given as to the 
size distribution of the graphite nodules resulting from the graphitis- 
ing reaction. An attempt, probably the first in the literature, is 
made to correlate the expected, and observed, retardation of 
graphitising rate by these elements with the nuclea number and 
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it migratory rate. It is found that the addition of manganese sufi 
{ increases the number of nuclei capable of growth at 900° C. was 
1 (1650° F.), while additions of the other elements reduce this eve 
number. Additions were of little effect on nuclei capable of growth an 
i at 700° C. (1290° F.). Later experiments related this abnormal che 
behaviour to the melting method rather than to the particular spi 
element. The migratory rate of carbon in y iron was found to fic 
be retarded by all the alloying elements, while the graphite solubility bee 
was not distinctly altered. The retardation is a function of the sol 
concentration added and does not differ greatly for the several sys 
elements studied. Chromium greatly retards the migration rate below to 
A,, the other elements having but little effect. It is likely that the fac 
retarding effects of the elements are also functions of the carbon gel 

content of the metal. A warning is given that useful data as to the 

effect of other elements on the graphitising rate can be secured only by of 
comparisons based on material of precisely similar history in the liq 
melting operation. of 
Second Report of the Steel Castings Research Committee. (Iron mc 
and Steel Institute, 1936, Special Report No. 15). The First Report ing 
of the Steel Castings Research Committee dealt principally with the su 
examination of castings, many of them of intricate form, and pro- th 
duced in the course of ordinary manufacture. It was shown that ca: 
there were considerable variations in practice in different foundries lin 
in the production of the same type of casting. of 
Section II of the present Report contains a paper by R. H. co 
Greaves on the properties of steel which affect the quality of steel lo 
castings. The first part of this paper contains a summary of exist- mi 
ing information on the dimensional changes which occur in iron and co 
steel as the metal cools from the liquid condition to atmospheric wi 
temperature, and on the strength and ductility of the steel at pi 
_ temperatures near the melting point. The second part deals co 
with fluidity, with special reference to the practical interpretation be 
of the results of fluidity tests. The spiral test is considered most he 
suitable. In practice the effective head of metal and the rate of pour- isl 
ing have an influence which may overshadow differences in fluidity CO 
measured by the spiral test. The influence of viscosity, surface CO 
tension, surface oxide films, and suspended inclusions on fluidity in 
is discussed. Fluidity is more likely to be influenced by surface wi 
oxide films, and by suspended inclusions than by other physical be 
properties. In the course of the paper a description is given of a oc 
number of experimental observations bearing on the questions under wi 
discussion. T’ 
The fluidity of iron-carbon and other iron alloys is dealt with by al 
J. H. Andrew, R. T. Percival, and G. T. C. Bottomley in Section III. or 
This paper is an attempt to supply some useful data on the subject. a! 
The condition of flow or the fluidity of iron-carbon alloys, and steels be 
containing special elements, has been the subject of many investig- di 
ations, but the results of many workers in this field have not been fo 
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sufficiently concordant. In the present investigation a mould 
was made of such material that like conditions could be obtained on 
every casting. The weight of the head of metal was controlled by 
an overflow, so that the only varying factors were the arbitrarily 
chosen ones of temperature and composition. The length of the 
spiral cast is thus a direct measure of the fluidity. From the scienti- 
fic standpoint the interest of these results lies in the fact that it has 
been found that the fluidity is directly related to the liquidus and 
solidus ranges and the form of the liquidus and solidus of the various 
systems, and whilst increase in temperature invariably gives rise 
to an increase in fluidity, temperature itself is not the most important 
factor. This gives an added value to equilibrium diagrams in 
general. 

In Section IV H. F. Hall presents the results of an investigation 
of the strength and ductility of cast steel during cooling from the 
liquid state in sand moulds. To meet the need for more knowledge 
of the properties and behaviour of cast steel during cooling in the 
mould, apparatus has been devised for making tensile tests on cast- 
ings under such conditions. The tests are performed in rapid 
succession immediately after pouring, and the results are related to 
the temperature in a manner depending on the rate of cooling of the 
casting and the controlled time intervals between the tests. Pre- 
liminary experiments were made to determine details for the design 
of the special mould and testing apparatus required. The apparatus 
consists of a testing machine of special construction with a continuous 
load recorder on which the mould is mounted before pouring the 
metal, and of means for recording the temperature of the casting 
continuously during the tests. The rate of cooling of the castings 
was determined for both the core and skin of the 1-in. dia. test- 
pieces, and at 50 sec. after pouring, when the maximum rate of 
cooling after solidification was reached, the temperature difference 
between the core and skin was about 45° C. The effect of latent 
heat evolution in delaying the fall of temperature persisted in dimin- 
ishing degree for about 20 sec. after complete solidification. Steels 
covering a wide range of compositions have been tested under similar 
conditions with test-pieces 1 in. in dia. and a rate of strain of 0-21 
in. per sec. With some exceptions, in which the carbon content 
was less than 0:2%, there was no ductility in the range of temperature 
between freezing point and 1300° C.; below 1250° C. some ductility 
occurred in all the steels examined, with elongation varying between 
wide limits at similar temperatures for different compositions. 
The strength of the steels before 5% elongation was recorded gener- 
ally exceeded 0-8 ton per sq. in. Steels with about 0-1% of carbon 
or less were ductile at temperatures above 1400° C. while possessing 
a strength of less than 0-25 ton per sq.in. The range of temperature 
below the solidus through which the steel must cool before appreciable 
ductility (i.e., 5% elongation) is attained, was found to be greatest 
for 0-2% carbon steel. Small alloy additions produced effects 
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on the strength and ductility which cannot at present be dissociated 
from those resulting from a variation of carbon content, but a steel 
containing high phosphorus showed a very low strength and ductility. 
The effect on medium-carbon steel of increasing the rate of strain 
from 0-05 to 1-0 in. per sec. was an increase of recorded strength and 
elongation at a given temperature, which emphasises the necessity 
for taking this factor into account. At 1325° C. the ultimate 
stresses recorded for the two rates of strain was 0-35 and 0-95 ton 
per sq. in.; a small elongation was recorded at the high rate, but 
none at the slow rate of strain. The conditions of testing are such 
that an abnormal influence may be present in any particular cast, 
and many of the results need confirmation by additional tests before 
they can be regarded as truly representative. Some of the results 
are, therefore, presented subject to such confirmation, but it is con- 
sidered that their inclusion is justified by the indication they provide 
of the type of information it is possible to secure by the special 
means adopted. 

Section V contains a paper by W. J. Rees, which relates to the 
work of the Moulding Materials Sub-Committee, while the present 
position of radiological examination of steel castings is dealt with 
by V. E. Pullin in Section VI. 

Recommendations of the A.F.A. Committee on Chemical Classi- 
fication of Foundry Steels. (‘Transactions of the American Foundry- 
men’s Association, 1936, vol. 43, pp. 581-583). To aid in the 
standardisation of designations which might be used for the various 
steels used for castings, a very detailed study of the problem has 
been made and is submitted in this report. 

Green Sand Used for Steel Castings. W. I’. Rose. (Foundry, 
1936, vol. 64, Aug., p. 44). The author discusses the adaptability of 
green sand moulds to the production of certain types of steel castings. 

The Constitution of Bond Clays and its Influence on Bonding 
Properties. R. E. Grim, R. H. Bray, and W. F. Bradley. (Trans- 
actions of the American Foundrymen’s Association, 1936, vol. 44, pp. 
211-227). The authors present information concerning the con- 
stitution, particularly the mineral constitution, of various clays, and 
consider the relation between the constitution of clays generally 
and their bonding properties. The object of the research reported 
was to investigate the fundamental causes for the differences in 
bonding properties possessed by different clays, as an adequate 
understanding of durability and other properties, and the drawing up 
of satisfactory specifications for bond clays and synthetic sands, must 
await a knowledge of these fundamental causes. 

An Investigation of the Durability of Moulding Sands. C. H. 
Casberg and C. E. Schubert. (Illinois University, “ngineering 
Experiment Station, 1936, Bulletin No. 281). The investigation was 
conducted to devise a short and accurate method for determining the 
durability of a given sample of moulding sand, and to obtain data 
which would give the amount of bond or sand necessary to bring a 
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given quantity of used sand back to the original strength without 
the necessity for conducting a special test. ‘Three general methods 
for determining the durability of moulding sand have been tried 
by previous investigators: (1) the mould test method, (2) the oven 
test method, and (3) the hydration and dehydration method. 
These methods were studied in the present investigation and the 
following conclusions were arrived at: (1) It is not possible to pre- 
dict accurately the life of a moulding sand by any of the three 
methods. (2) It is more economical for foundrymen to add 
clay or bonding substance to moulding sands after using the 
sand for a number of heats, than to try to keep the strength 
constant by frequent additions of bonding substance, as was 
done with the two constant-strength sands used in this in- 
vestigation. Results also show that the amount of bond necessary 
to bring a given quantity of moulding sand back to its original 
green compression strength depends entirely on the kind and nature 
of the bonding material used. 

Applying Technical Control to Foundry Sand. F. L. Weaver. 
(Iron Age, 1936, vol. 138, Oct. 1, pp. 36-37). The author discusses 
the moulding sand problem and indicates briefly the characteristics 
of moulding sand which can be controlled by up-to-date methods 
and equipment. 

Green Sand Core for Making Iron Pipe. (Foundry, 1936, vol. 
64, Sept., pp. 31, 76). A green sand core often suggests itself as an 
economical expedient in the casting of iron pipe which has some 
special feature, length, or thickness. The present article describes a 
method of making green sand cores. Attention is also drawn to the 
necessity of taking precautionary measures against the escaping 
gas which may accumulate in the hollow barrel. 

Large Pot Casting is Made in Mould Swept upin Loam. P. Dwyer. 
(Foundry, 1936, vol. 64, Aug., pp. 22-24, 66). A loam mould for 
castings forming part of a plant for processing tar is described. 

Mould Coating Prevents Chill. (Foundry, 1936, vol. 64, Sept., 
pp. 58, 61). The article describes a method of casting chill-free pipe 
by the de Lavaud process. A film of fine material, which does not 
react chemically with the iron, is deposited evenly on the mould 
just prior to the casting of the metal. 

Studies of Casting Stresses in Chilled Iron Rolls. J. Erler. 
(International Foundry Congress, Diisseldorf, 1936: Foundry Trade 
Journal, 1936, vol. 55, Oct. 1, pp. 252-254). The author presents 
a study of casting stresses in chilled iron rolls, the results of which 
are : (1) Sachs’ method and modified formula may be used to study 
casting stresses in chilled iron rolls without any great difficulty if 
such stresses do not exceed one-quarter of the ultimate strength. 
(2) If the relative modulus of elasticity does not exceed one-quarter 
of the ultimate strength, it will increase from the centre of the roll 
to nearly double in the chilled zone. Tension and compression have 
the same relative modulus within those limits. (3) If the relative 
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modulus of elasticity does not exceed one-quarter of the ultimate 
strength the Poisson ratio can be calculated. (4) The stresses are 
compressive in the surface and tensional within the roll when the 
rolls are stripped at a very low temperature. (5) The rate of 
solidification of the metal in the necks has an effect on the magni- 
tude of the stress within the roll. (6) Deeper chill will increase the 
tangential stress on the outer zone and the radial stress in the centre 
of the roll. 

Casting Stresses and the Means for Avoiding Them. 0. Bauer 
and K. Sipp. (Mitteilungen der deutschen Materialpriifungsan- 
stalten, 1936, Sonderheft 28, pp. 95-98). (See Journ I. and §.]I. 
1936. No. II., p. 1114.) 

The Effect of Testing Conditions on Shrinkage. O. Bauer and 
H. Sieglerschmidt. (Metallwirtschaft, 1935, vol. 14, Oct. 25, pp. 
854-858 ; 1936, vol. 15, June 12, pp. 535-540: Mitteilungen der 
deutschen Materialpriifungsanstalten, 1936, Sonderheft 28, pp. 
49-53, 99-104). The authors discuss the relationship between 
the degree of shrinkage and the shape and temperature of the 
mould, and also the pouring time. The relation between the degree 
of shrinkage and the thermal expansion is dealt with, and 
proposals for the standardisation of the method of testing are made. 
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The Development of The Great Lakes Steel Corporation. J. A. 
Clauss. (Iron and Steel Engineer, 1936, vol. 13, Sept., Supplement, 
pp. 3-21). The history and present-day plant of the Great Lakes 
Steel Corporation are described. 

Physical Chemistry of Steelmaking. T.G. Bamford. (Stafford- 
shire Iron and Steel Institute, Sept. 29, 1936: Iron and Coal Trades 
Review, 1936, vol. 133, Oct. 9, p. 614). The paper discusses the 
technological progress in the iron and steel industries with special 
reference to the value of phosphorus as a constituent of steel, the 
problems of melting and refining, and the advantageous properties of 
fine-grained steel. 

19th Open-Hearth Proceedings. (American Institute of Mining 
and Metallurgical Engineers, 1936). This Report presents an account 
of the Proceedings of the Nineteenth Open-Hearth Steel Conference 
of the Iron and Steel Division of the American Institute of Mining 
and Metallurgical Engineers, held in Apr. 1936. Many important 
aspects of open-hearth furnace design were discussed. The following 
papers were presented: H. C. Barnes: Design and Layout of 
Machinery to Increase Prime Hourly Output; E. Vierow: A New 
Development in Open-Hearth Furnaces; E. H. Schwartz and G. E. 
Rose: Open-Hearth Furnace Operation at Four Million B.Th.U. 
for a Ton of Ingots; G. L. Danforth: Open-Hearth Checkerwork 
Designs; H. B. Kinnear: Copper Stools for Ingot Moulds; W. 
Johnston, jun.: Steel Cinder Pots; J. D. Sullivan: Progress in 
Furnace Refractories; E. F. Cone: Insulation of Open-Hearth 
Furnaces—Survey of Results Obtained and of Materials Used; L. A. 
Smith : Notes on Open-Hearth Refractories; J. Chipman : Methods 
for Measurement of Open-Hearth Temperatures; G. R. Fitterer : 
Some Metallurgical Applications of the C-SiC Thermocouple; 
E. D. Buchanan: Automatic Reversal and Combustion Control for 
Open-Hearth Furnaces; J. H. McDonald: Basket Pouring at Plant 
of Algoma Steel Corporation; W. C. Kitto: Benefits from Use of a 
Magnesite Nozzle; R. C. Good: Heterogeneity of Steel Ingots; 
J.D. Sullivan : Residual Metals in Open-Hearth Steel; W.E. Buck : 
What Effect has Alloy Contamination on Deep-drawing Steel; 
J.T. Singewald, jun. : Absorption of Lime in Open-Hearth Slags. 

Recent Developments in Open-Hearth Furnace Design and 
Operation. L. F. Reinartz. (Blast Furnace and Steel Plant, 1936, 
vol. 24, June, pp. 496-498, 510; July, pp. 594-597; August, pp. 
714-716). The author reviews the history of the open-hearth furnace 
and gives examples of the modernisation of plants. In order to 
increase the capacity any or all of the following steps may be taken: 
Increase hearth area, change in design of uptake and checker 
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chamber, auxiliary checker system, sloping back walls, use of 
heavy slab buckstays, plastic insulation, combustion control. 

The Control of Open-Hearth Furnaces. (Stahl und Eisen, 1936, 
vol. 56, Oct. 8, pp. 1236-1239). The paper is Report No. 319 of the 
Steelworks’ Committee of the Verein deutscher Eisenhiittenleute 
and reviews the application of measuring instruments to the control 
of open-hearth furnaces. The most important factors involved are : 
(1) the compact and visible arrangement of all measuring instru- 
ments close to the furnace or at the control station, (2) the 
combination of the important measurements on multiple-colour 
recorders in the works or supervisor’s office, and (3) the use of count- 
ing apparatus for measurements which simultaneously serve for the 
computing of costs. The technique of measuring is then discussed in 
greater detail. 

Instruments are Eyes, Ears, and Hands of Steelmaking. A. F. 
Moranty. (Steel, 1936, vol. 99, Sept. 14, pp. 40-44, 45). The 
author summarises the uses of indicating, recording, and controlling 
instruments throughout the various processes involved in the 
production of iron and steel, from raw materials on through the 
blast-furnace, steelmaking processes, and various types of rolling 
mills. An interesting chart which is appended reveals in a general 
way where various types of instruments are being used to-day. 

Speeding up Steel Refining. B.A. Rogers. (Mining and Metal- 
lurgy, 1936, vol. 17, Oct., pp. 478-480). This paper reviews the 
history and the modern methods of rapid refining. The refining 
action itself is subjected to a brief analysis, while a bibliography is 
appended. 

Open-Hearth Stainless Steel. S. Tour and T. W. Lippert. (Iron 
Age, 1936, vol. 138, Sept..17, pp. 56-61, 119). The authors examine 
the question of open-hearth stainless steel in detail. The problem 
is essentially one of the high cost of refractories, which are subjected 
to excessive wear and tear, and the authors describe the Simpson and 
Bosshardt open-hearth furnaces, which both direct the flames in 
such a way that the maximum heat is concentrated on the bath and 
is kept away from the roof and firing ports. 

Production and Fabrication of Stainless Steel. H. Kikkawa. 
(Japan Nickel Review, 1936, vol. 4, Oct., pp. 592-602). This 
article deals mainly with 18/8 stainless steel,and describesthe method 
of melting and other fabricating processes. 

Rimmed Steel Quality. G.L. Danforth, jun. (Blast Furnace and 
Steel Plant, 1936, vol. 24, Sept., pp. 781-782). The article deals 
briefly with the making of rimmed steel. The recent development 
whereby sodium fluoride is added to the molten metal, and the 
problem of ferrostatic pressure are mentioned. 

Equilibrium in the Reaction of Hydrogen with Iroi Sulphide in 
Liquid Iron and the Thermodynamics of Desulphurisation. J. 
Chipman and T. Li. (American Society for Metals, 1936, Oct., 
Preprint No. 35). In order to provide a sound basis for the thermo- 
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dynamic treatment of reactions involving sulphur in liquid steel, 
an experimental study has been made of the reaction of hydro- 
gen with sulphur in liquid iron forming hydrogen sulphide. The 
constancy of the equilibrium ratio at constant temperature is inter- 
preted as evidence that sulphur in liquid iron exists as a sulphide 
whose molecule contains one atom of sulphur and whose formula 
may be written FeS. The effect of temperature upon the equili- 
brium constant within the range 1500-1600° C. has been determined. 
The free energy of FeS in liquid iron is obtained from the equilibrium 
measurements and the known free energy of hydrogen sulphide. 
Thermodynamic properties of other sulphides and oxides are 
obtained from data in the literature. The data are applied to the 
reactions involving sulphur in the open-hearth, and to a study of 
several possible methods for the desulphurisation of steel. 

Frequency Changers for Induction Furnaces. R. W. Wieseman. 
(Electrochemical Society, 1936, Oct., Preprint 70-8). The inductor 
type of synchronous machine is recommended for induction furnace 
high-frequency power generation because of its reliability and high 
efficiency. The paper describes the construction and performance 
characteristics of high-frequency inductor generators. Although 
high-frequency generators have long been used in laboratories and 
for miscellaneous testing service, induction melting has now given 
them a definite place in the industrial field. 

The New Technical and Economic Importance of Iron and 
Steel Scrap. C. E. Williams. (Year Book of the American Iron 
and Steel Institute, 1936, pp. 185-221). The author deals com- 
prehensively with the technical and economic importance of iron and 
steel scrap in modern steel production. A study of the economics of 
the production and consumption of steel indicates that sufficient 
scrap will be available to supply the needs of the American industry 
at about the rate of consumption that has prevailed during the past 
ten or twelve years. 

The Magnetic Properties of a Series of Basic Open-Hearth Slag 
Samples. B.A. Rogers and K. O. Stamm. (American Society for 
Metals, 1936, Oct., Preprint No. 24). Investigation was made 
of a series of open-hearth slag samples taken from a single heat 
of steel. The samples were first pulverised. The powder so obtained 
was then separated into different sizes by sieving and samples of 
each size were then separated magnetically into classes of different 
magnetic susceptibility. When examined microscopically the most 
magnetic class was found to be the most interesting. It contained 
three types of particles: (1) small metal globules, (2) small, thin, 
curved, metal flakes, (3) particles of slag in which small particles of 
metal were embedded. Many of the globules were found to contain 
cavities. Some of the cavities were filled with slag, while others 
were lined with it. The susceptibility of the less magnetic classes 
was found to vary considerably under heat treatment in vacuo in 
the vicinity of 600° C, 

B 
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The Equilibrium Relations of Iron Oxides in the Slags of Heating 
Furnaces. ‘I. Négresco and W. J. Crook. (Comptes rendus, 1936, 
vol. 202, p. 2154). The authors have determined the contents of 
FeO and Fe,O, and their equilibria in a series of synthetic slags 
prepared from mixtures of silica, lime, and ferric oxide. 

Some Factors Affecting Life of Ingot Moulds. W. J. Reagan. 
(American Institute of Mining and Metallurgical Engineers, 1936, 
Technical Publication No. 745: Metals Technology, 1936, vol. 3, 
Sept.). An attempt is made by the author to determine the chemical 
analysis of metal that gives maximum mould life. Assuming that for 
the type of steel being manufactured the ingot mould is of the proper 
design, the author predicts that for a given type of mould, with 
casting conditions relatively consistent, two factors affect the ingot- 
mould life: (1) wall thickness or mould weight, and (2) chemical 
analysis of the metal, particularly manganese. A manganese content 
of approximately 1-5° with silicon about 1-6% seems to give maxi- 
mum mould life. A silicon content of over 1-6% results in a shorten- 
ing of the life. 

Steel Ingots. W. H. Hatfield. (Anniversary Volume of the 
Science Reports of the Téhoku Imperial University, 1936. Series 
1). This volume is published to commemorate the work of Honda, 
and the author’s contribution in honour of this distinguished 
metallurgist takes the form of a short thesis outlining the investig- 
ations of the Heterogeneity of Steel Ingots Committee of the Iron 
and Steel Institute and the Iron and Steel Industrial Research 
Council. 
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FORGING, STAMPING, AND DRAWING 


Interstate Drop Forge Company Installs Forge Furnace Control. 
W. C. Kernahan. (Heat Treating and Forging, 1936, vol. 22, 
Aug., pp. 377-380). A description is given of the automatic tem- 
perature control with which the forging furnaces of the Interstate 
Drop Forge Company, Milwaukee, have recently been equipped. 

Preparation of Drop Forging Dies for Use in Cutlery Manufacture. 
F. B. Jacobs. (Steel, 1936, vol. 99, Sept. 7, pp. 42-45). The 
production of dies used in the manufacture of shears and scissors 
is described. 

Forging Chromium Steel Valves. A. G. Arend. (Metallurgia, 
1936, vol. 14, Sept., p. 144). A brief outline is given of the production 
of chromium steel valves by the extrusion method. 

The Causes of the Formation of Flakes in Steel and Works 
Observations. W. Wrazej. (Hutnik, 1936, vol. 8, pp. 263-273). 
(In Polish.) The author begins by reviewing the best-known 
publications and researches on flakes in steel. He agrees that hydro- 
gen plays the chief part in the formation of flakes. The article 
continues with a description of the author’s investigations and 
observations on chromium-nickel steels. With the aid of macroscopic 
and microscopic prints he demonstrates that internal defects in the 
steel appear as cracks on the section and as bright flakes at a fracture. 
Besides the flakes, normal impurities appear in the steel, although 
this is not necessarily always the case. Chemical analysis did not 
show any aggregation of nickel or chromium at the point of flaking, 
neither did microscopic analysis show any segregations. Internal 
cracks, which appear as flakes at the fracture, will after micro- 
etching appear as grooves at the section. The investigation tends 
to show that, in the case of a steel with a tendency to form flakes, 
these latter appear both after rolling and after forging. It was also 
found that bolts worked from one and the same heat can be faulty in 
parts or over their entire length, depending on the internal quality of 
the ingot from which the bolts were forged or rolled. A test on the 
simultaneous normal rolling of ingots from different heats showed 
that the quality of the bolts depends only on the quality of the ingots 
and the heat itself. The testing of the ingots showed that the steel 
could even be cracked in the unworked ingot. This was confirmed 
by photographs. A special energetic forging in conjunction with 
subsequent slow cooling will rectify the condition of the steel, 7.e., 
will cause the cracks to disappear. This occurs both in the forging 
of the ingots and in the subsequent forging of the cracked bolts. 
In the case of a number of examples, it was shown that the degree of 
forging is without effect on the occurrence of flakes. For this 
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reason flakes are found in bolts, as well as in sheet bars and sheets 
under 10 mm. thick. Long-time heating prior to the working is less 
important than slow cooling subsequent to the forging, although 
both are of value. Acetylene cutting is apt to cause flakes near the 
melting zone, which is probably due to the sensitivity of the bolt. 
Some examples of the artificial formation of flakes in nickel and 
chromium-nickel steels by means of long-time heating in a hydrogen 
atmosphere at 1150° confirmed the results obtained by Musatti and 
Reggiori. In conclusion, the author discusses the handling of a 
heat in the electric furnace. He draws attention to the influences 
which are of importance to the value of the heat. The lime used 
and the temperature of the melting process are important factors. 
Assuming that hydrogen must be regarded as a main cause of 
flakes, the author points out the necessity for the determination of 
the critical gas content, as well as of the distribution of the gas in 
the steel. This is an important factor in the classification of the 
characteristics of the heat, before the latter is assigned for further 
working. 

Double-Crank Drawing Press. (Engineering, 1936, vol. 142, 
Oct. 23, p. 461). An outstanding feature of modern engineering 
practice is the use of pressed steel for parts formerly either cast or 
forged. Pressings with a large depth relative to their cross-section 
are usually made by a series of operations, and a press, of the 
double-crank type, suitable for this type of work, is described in the 
present article. 

The Metallurgical Aspects of Deep Drawing (Desirable Qualities 
in Deep Drawing Metal: Their Nature and Specification). J. D. 
Jevons. (Iron and Steel Industry, 1936, vol. 9, Sept., pp. 483-490) 


The author reviews the nature and specification of the character- 
istics necessary for the production of pressings. Special attention 
is devoted to the questions of crystal structure and directionality. 
The importance of co-operation between supplier and user is further 
emphasised. (See Journ. I. and §. I., 1936, No. IT., p. 203 A.) 
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ROLLING-MILL PRACTICE 


Steel Mill Developments. W. H. Burr. (Iron and Steel 

Engineer, 1936, vol. 13, Sept., pp. 36-46). The main developments 
of the past year in the American steel mills are summarised in this 
article. . 
On Spreading in Rolling. W. Trinks. (Blast Furnace and 
Steel Plant, 1936, vol. 24, Sept., pp. 785-788). The author com- 
ments on the “spreading” process, 7.e., the increase of width 
which a bar undergoes in travelling through a roll pass. The 
formule for spreading which have been advanced at various times 
are discussed, more especially for the case where a rectangular bar 
is rolled between cylindrical rolls without collars. 

The Efficiency of Pressed Synthetic-Resin Bearings in Rolling 
Mills. 0. Achilles. (Stahl und Eisen, 1936, vol. 56, Oot. 29, 
pp. 1301-1303). The high-speed rolling mill is used as an example 
to demonstrate how the provision of pressed synthetic-resin bearings 
ensures economies in electric current, lubricants and first costs, as 
well as other advantages, such as a lowering of the cost of installation, 
a raising of the output capacity of the mill, and a closer degree of 
accuracy in size of the products. 

Production of Cold-Rolled Strip. (Sheet Metal Industries, 1936, 
vol. 10, Sept., pp. 669-671). A description is given of the Holmes 
Mills, Rotherham, belonging to Messrs. J. J. Habershon & Sons, 
Ltd. The inspection and test departments are given special 
attention. 

Handling Steel for Modern Mills. (Blast Furnace and Steel 
Plant, 1936, vol. 24, Aug., ppg 679-684). The operation of a mill 
at high speed, 1500-2000 ft. per minute at the finishing rolls of 
a modern strip mill, cannot be maintained unless the handling 
equipment is adequate to keep the roller tables clear, and this is 
also true beyond the actual roller tables. The present article 
describes the handling equipment in the Bethlehem Steel Com- 
pany’s strip mill, and well exemplifies the use of mechanised pro- 
cesses for the production of large and diversified tonnages. 

Cluster Rolling Mills. W. Rohn. (Zeitschrift fiir Metallkunde, 
1936, vol. 28, June, pp. 139-142). The evolution of the twelve- and 
twenty-high mill from the two-, four-, and six-high mill is reviewed. 
The author considers the optimum diameters and convexities of the 
rolls, and the shape and bearing of the backing rolls. The wear 
of the rolls and the raising of the rolling speed by circulating and 
cooling the lubricant are further discussed. 

Rolling Strip Steel at the Inland Steel Company’s Plant. W. 
Sykes. (Mining and Metallurgy, 1936, vol. 17, Oct., pp. 471- 
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473). The author outlines the history of the development of the 
strip mill and describes the rolling of strip steel at the Inland Steel 
Company’s plant. 

Tension Control in Cold Strip Rolling. F. Mohler. (Iron and 
Steel Engineer, 1936, vol. 13, Oct., pp. 19-27). The author dis- 
cusses methods of tension control in the reversing cold strip mill, 
and shows how a great deal can be done to compensate for defects 
in roll shape, lubrication, housing stretch, ete., by properly mani- 
pulating the tension. 

Electrification of Cold Strip Mill Drives. F. Mohler. (Iron Age, 
1936, vol. 138, Sept. 17, pp. 40-43). A description is given of the 
electrical equipment required for cold-strip mill drives with special 
reference to the part played by it in the evolution of the skin-pass 
or tempering mill. 

Electrification of Hot Strip Mill Drives. L.A. Umansky. (Iron 
Age, 1936, vol. 138, Sept. 17, pp. 37-41). The article describes the 
auxiliary electrical equipment of continuous and semi-continuous 
hot-strip mills. 

Switchgear for Steel Mills. F. E. Fairman, jun. (Iron Age, 
1936, vol. 138, Sept. 17, pp. 48-50). The importance of properly 
co-ordinated switchgear equipment is emphasised. Modern mill 
practice has indicated a distinct preference for heavy-duty station- 
type oil circuit-breakers mounted in roll-out trucks or cubicles. 
Hed ore of gear for high-voltage switching is described in some 

etail. 

Electric Equipment for Steel Mill Auxiliaries. T. R. Rhea. 
(Iron Age, 1936, vol. 138, Sept. 17, pp. 44-47). The author dis- 
cusses some of the auxiliary equipment, such as flying shears on 
strip mills, sheet-bar mills, rod mills, and the like, which have been 
successfully electrified. 
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PYROMETRY 


Temperature Measurements with the Disappearing-Filament 
Optical Pyrometer. W.E. Forsythe. (Transactions of the American 
Institute of Mining and Metallurgical Engineers, Iron and Steel 
Division, 1936, vol. 120, pp. 171-188). Different forms of optical 
pyrometers are discussed and the advantages and disadvantages of 
the different types for measuring high temperatures are pointed 
out. These advantages and disadvantages lead to the selection of 
the disappearing-filament type of optical pyrometer for most work. 
Attention is directed to the necessity for the use of a monochromatic 
screen with a pyrometer, which leads to a discussion of the meaning 
and use of the effective wave length of the screen. Methods of 
calibrating the optical pyrometer are outlined and it is shown that 
an optical pyrometer can be calibrated just as definitely as any 
other temperature-measuring device. The various corrections that 
are necessary in this kind of work are indicated, including correc- 
tions for stray light, for smoke, and so forth. The troublesome 
problem of measuring the temperature of bodies that do not radiate 
like a black body is discussed and the corrections for reducing such 
readings to the true temperature are given for a number of different 
materials. 

The Optical Measurement of the Surface Temperature of Heated 
Materials. F. Wesemann. (Stahl und fisen, 1936, vol. 56, Oct. 1, 
p. 1212). The author considers the error induced in the reading 
of the surface temperature of heated materials by the presence 
of scale with special reference to the heating of ingots and billets 
in the gravity discharge furnace. 

The Use of Thermocouples. L. Scheepers. (Revue Univer- 
selle des Mines, 1936, vol. 12, Sept., pp. 369-375). The article 
enumerates the different types of thermocouples, protection tubes 
and measuring apparatus commonly used in works, and their 
application to the measurement of the temperature of gases, liquids, 
and solids. 
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The Diffusion of Elements in SolidIron. G.E.Claussen. (Trans- 
actions of the American Society for Metals, 1936, vol. 24, Sept., 
pp. 640-647). The nature of the diffusion of elements in solid iron 
and steel is discussed and the diffusion rates of a number of elements 
are tabulated. The mechanism of the diffusion of phosphorus in 
steel is explained by the aid of the iron/iron-carbide/iron-phosphide 
diagram of Vogel. It is concluded that the heat of formation 
of copper phosphide is less than that of iron phosphide. 

The Ajax-Hultgren Salt-Bath Furnace. W. Adam, jun. (Elec- 
trochemical Society, Oct. 1936, Preprint 70-25). The nature of the 
metal surface secured in an activated fused salt bath is determined 
by the type of steel used, the composition of the bath, the time 
of immersion in the bath, and the temperature. The activated or 
accelerated fused cyanide baths are a more recent development. 
The hardening effect penetrates deeper into the surface of the steel 
than with the fused cyanide bath. The accelerator is usually 
CaCl, or BaCl,. There is a double reaction, each of which releases 
carbon, and this explains why a deeper case can be obtained with 
the activated salt bath. The old fuel-fired cyanide pot has been 
superseded by the electrically heated salt bath, notably of the 
Ajax-Hultgren design. Alternating current at 8 to 30 volts, and 
1000 to 5000 amperes is fed into the salt bath with a pair of elec- 
trodes. The operation and advantages of the Ajax-Hultgren salt- 
bath furnace are discussed in detail. In general, the “fuel ” cost 
of the electric furnace will average about one-half the fuel cost of 
a gas-fired pot. 

The Influencing of the Toughness of Case-Hardening Steels by 
Production Method and Heat Treatment. H. Schrader. (Stahl 
und Eisen, 1936, vol. 56, Oct. 1, pp. 1201-1210). Slight impurities 
improve the core toughness of case-hardened unalloyed steels as 
compared with very clean steels. The core strength of unalloyed 
case-hardened steels is to a high degree dependent on the cross- 
section of the material and small variations in the carbon and 
manganese content. The author discusses the heat-treatment of 
such steels, and continues with a review of the chromium—molyb- 
denum case-hardening steels. He concludes with the statement 
that the presence of carbides in the case is not objectionable, as 
they do not adversely affect the toughness and dugability of the 
material. 

Nitriding. V. O. Homerberg. (Iron Age, 1936, vol. 138, 
Oct. 15, pp. 49-56, 61-66, 98). The author presents an inclusive 
and integrated résumé of the nitriding hardening process, and adds 
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a number of new and heretofore unpublished data. The point 
emphasised by the author is that certain steels give very satis- 
factory results in applications in which line contact as well as 
point contact is involved. The experimental results disclosed are 
substantiated by the mass of corroborative service data at hand. 

The Scaling of Steel Castings. (Transactions of the American 
Foundrymen’s Association, 1936, vol. 44, pp. 229-235). An open 
discussion on the scaling of steel castings conducted at a meeting 
on “ Steel Founding ”’ at the 1936 convention in Detroit. 

The Influence of Heat Treatment on the Working Properties of 
Steels. W. Leyensetter. (Zeitschrift des Vereines deutscher In- 
genieure, 1936, vol. 80, Oct. 24, pp. 1299-1300). One of the most 
important effects of heat treatment on the properties of steel is its 
influence on the cutting properties. When replacing one steel by 
another of equal quality knowledge of the machining properties of 
steels with practically the same strength, but different compositions, 
is most important. The fundamental differences are illustrated by 
means of several examples. 

Electric Heat-Treating Furnaces in Steel Mills. A. N. Otis. 
(Iron Age, 1936, vol. 138, Sept. 17, pp. 51-55). Various types of 
electric heat-treating furnaces are described and illustrated. 

Designs Tube Annealing Furnace. (Steel, 1936, vol. 99, Sept. 7, 
pp. 66-68). A continuous roller-hearth annealing furnace, which 
meets numerous and difficult specifications, is described. 

Annealing in Tube Type Furnaces. (Blast Furnace and Steel 
Plant, 1936, vol. 24, Sept., pp. 790, 827). A description is given 
of the procedure for carrying out the annealing process in tube- 
type furnaces. 

Annealing and Normalising Auto Body Steel in Electric Furnaces. 
F. T. Hague and P. H. Brace. (Iron and Steel Engineer, 1936, 
vol. 13, Sept., pp. 47-58). The authors outline the properties of 
auto body sheet steel and present particulars of the bell type of 
electric furnace for the bright annealing of this material in coil 
form. Details are also given of an investigation, in course of pro- 
gress, having for its object the development of a short continuous 
normalising cycle for auto body sheet. 

Graduated (Isothermal) Softening Annealing. I. Feszczenko- 
Czopiwski and R. Linde. (Prace Badaweze Huty Baildon, 1936, 
Sept., pp. 37-49). The authors analyse the effect on the 
properties of annealed steel of the following factors : rate of anneal- 
ing, temperature and time of reheating, rate of cooling to annealing 
temperature, annealing time, rate of cooling from the annealing 
temperature to room temperature. In conclusion they describe 
the advantages of graduated annealing: (1) reduction of the time 
required for the operation; (2) ensurance of a homogeneous struc- 
ture; (3) the possibility of eliminating the annealing of hot-rolled 
and hot-forged products. (In Polish.) 

Large Normalising Furnace at the Landis Tool Company. (Heat 
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Treating and Forging, 1936, vol. 22, Aug., pp. 403-404). A large 
normalising furnace of the car-hearth type is described. The 
furnace is built of insulating refractory brick, backed with high- 
temperature insulating blocks, and has a steel plate casing. The 
hearth of the car is constructed with a heavy steel frame, lined 
with insulating brick, and with a top wearing course of firebrick. 
The furnace is under two-zone automatic temperature control. 

Electric Heat Treating of Wire. O. C. Trautman. (Iron Age, 
1936, vol. 138, Oct. 15, pp. 34-39). The process described consists of 
continuously heating wire electrically by direct resistance and 
subsequently quenching on a rising temperature in an alloy having 
a low melting point. The controlled heating rate and quenching 
speed result in a product possessing higher physical properties than 
could be obtained with the conventional methods in use to-day. 
It is pointed out that there is no decarburisation of the wire surface, 
the equipment is very flexible, easy to operate and has a high 
thermal efficiency and the heating and quenching cycles can be 
controlled accurately. 

The Quenching of Tool-Steels in Hot Baths and its Influence on 
the Cutting Speed of Tools. I. Feszezenko-Czopiwski and F. Mayer. 
(Prace Badawceze Huty Baildon, 1936, Sept., pp. 19-32). The 
authors describe their investigations on the quenching of ordinary 
tool steels (tungsten, chromium, and carbon) in hot baths of con- 
stant temperature. They distinguish between graduated and iso- 
thermic quenching, and consider the effect of the mass of the 
material quenched and of the quenching temperature on the critical 
rate of cooling. In addition to the mechanical and metallographic 
characteristics of steel investigated, the authors also report on a 
comparative examination of the cutting speeds of tools quenched 
in the usual way and in hot baths. (In Polish.) 
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WELDING AND CUTTING 


Alloy Weld Technique. M.C€. Smith. (Machinist, 1936, vol. 80, 
Sept. 26, pp. 722-724). The author suggests a few rules to aid the 
welder in his work, and shows how alloy steels react to heat. 

Arc Welding of Sheet Metal.—The Advantages of Rectified 
Current. S. G. P. de Lange. (Sheet Metal Industries, 1936, vol. 
10, Sept., pp. 711-712). An apparatus suitable for sheet metal 
welding must, according to the author, comply with the following 
requirements: (a) D.C. output, (b) fine and accurate current con- 
trol, (c) absence of electrical inertia, and (d) a quiet and flexible 
are, not likely to break easily. These difficulties can be overcome 
by the use of a transformer in conjunction with a welding recti- 
fier. The welding rectifier is readily adaptable to all variations of 
the welding conditions, such as movements made by the welder 
and the constant dripping of molten electrode material. 

Heat Effect in Welding.—Part I. W.G. Theisinger. (Iron Age, 
1936, vol. 138, Oct. 15, pp. 81-92). This is the first of a series of 
three articles in which the author outlines the method and con- 
clusions of his research into the variables which influence the 
welding of steel, with particular reference to the effect of welding 
heat on the parent metal adjacent to the weld. Speed of welding 
and base metal composition are the main variables analysed. His 
studies provide a considerable volume of fundamental data of 
practical interest to both steel producers and welding fabricators. 

Internal Stresses in Welding and Their Determination. L. Reeve. 
(Institute of Welding, Oct. 14: Welding Industry, 1936, vol. 4, 
Oct., pp. 344-355). A detailed account is given of mechanical 
and X-ray methods of determining internal stresses with particular 
reference to welded joints and structures. It is shown that very 
considerable internal stresses (approaching the yield point of the 
material) must be taken as normally present in the weld and its 
immediate neighbourhood changing over to smaller stresses (of the 
opposite sign) some inches away from the weld, which may extend 
to a considerable distance away. The longitudinal stresses in and 
near arc welds are usually in tension changing over to compressive 
stresses some distance away. The strain in and near the weld is 
usually partly plastic and partly elastic but in the lower stressed 
regions away from the weld it is purely elastic. An account is 
given of recent work on internal stresses in butt welded joints and 
in welded plate girders. The practical importance of internal 
stress effects is considered under three headings, namely, (1) dis- 
tortion effects, (2) cracking of welds, and (3) effect upon permissible 
external loading (static and dynamic). An account is given of 
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investigations the results of which show that the superimposing of 
an external load upon the internal stress, result in yielding and mech- 
anical stress relief provided that the most highly stressed portions 
possess adequate yield point ductility. The position regarding 
fatigue stresses although not entirely clear would indicate that here 
again mechanical stress relief will occur. Under certain conditions 
it has been shown that internal stresses may raise the fatigue limit. 
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CLEANING AND PICKLING OF METALS 


Pickling Tank Tie-Rods. (Engineer, 1936, vol. 162, Sept. 18, 
p. 299). The provision of durable tanks being an important factor 
in the economical running of a pickling department, the present 
article advocates the use of a wooden tank built of heavy section 
beams bolted together with tie-rods of some suitable acid-resisting, 
non-corrosive metal. 

Electro-Chemical Pickling of Wire. (Wire Industry, 1936, vol. 
3, Sept., pp. 390-391). A new electro-chemical pickling system for 
wire, in which the work is alternately made the anode and cathode 
is described. The advantages of the new method are enumerated. 

The Theory of Inhibitors for Pickling Solutions W. Machu. 
(Berg- und Hiittenmannisches Jahrbuch, 1936, vol. 84, Aug. 28, 
pp. 62-68). A new theory to explain the effect of inhibitors in 
pickling solutions is advanced. According to this the inhibiting 
action is due to the specifically greater adsorption of the inhibitor 
particles by the metallic iron as compared with the iron oxide. The 
colloidal layer formed ensures a considerable lowering of the speed of 
diffusion, thus rendering very much more difficult the supply of 
fresh ions to the intermediate layer. The dissolution of the iron is 
thus brought to a stop by the lowering of the rate of diffusion in 
the intermediate layer. 

Inhibited Pickling Baths for Ferrous Components. P. Mabb. 
(Blast Furnace and Steel Plant, 1936, vol. 24, Aug., pp. 690-692.) 
The author reviews the function, nature, and range of inhibitors for 
pickling solutions. 
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Soviet-Russian Research on Non-Metallic Coatings. M. von Pohl. 
(Korrosion und Metallschutz, 1936, vol. 12, Sept., pp. 257-260). 
The author has summarised the following six papers presented 
before the Ist Conference on Metallic Corrosion of the Soviet- 
Russian Academy of Sciences in 1935 : 

(1) M. W. Boroputin: The Application of Bituminous Sub- 
stances to the Protection of Metals against Corrosion. 
(2) D. Sanpomrrskis: The Production of Rubber Coatings on 

Chemical Apparatus by the Electrolytic Deposit Process. 

(3) A. J. Drinperc: The Corrosion-Preventing Properties of 

Film-Building Substances in the case of Multiple-Layer Coatings. 

(4) W. J. Kursatow: Basic Requirements for the Effective 

Protection of Metals against Corrosion by Non-Metallic Coatings. 

(5) K. I. Terecnov: An Investigation of the Resistance of 

Lacquers and Varnishes Against Chemical Influences. 

(6) M. B. Boroputtn: A Critical Survey of the Test Methods 
for Lacquer and Varnish Coatings. 

Progress in Rust Proofing. H.R. Simonds. (Iron Age, 1936, 
vol. 138, Oct. 15, pp. 147-152; Oct. 22, pp. 32-35). The author 
seeks to acquaint the small manufacturer with the many rust- 
proofing processes available, and to give him some points to guide 
him in his own selection. 

Steel as Basic Material in the Technique of Surface Protection. 
R. Walzel. (Berg- und Hiittenmannisches Jahrbuch, 1936, vol. 
84, Aug. 28, pp. 95-103). The author summarises the existing 
knowledge with regard to the prophylactic surface treatment of 
steel. 

Development of Control in Electrodeposition Processes. A. W. 
Hothersall. (British Association, 1936: Foundry Trade Journal, 
1936, vol. 55, Sept. 17, pp. 211-212). The quality of the coating 
and the cost of the electrodeposition processes are determined by the 
control of the two stages of cleaning and deposition. The most 
important method of control is the precise measurement of the 
effective acidity of the plating solutions, as expressed by the 
hydrogen-ion value. The paper further considers the structure 
and properties and the control of the protective value of electro- 
deposited coatings. 

The Formation and Growth of Pits in Electrodeposited Metals. 
M. Cymboliste. (Electrochemical Society, Oct. 1936, Preprint 70-29). 
Pits in electroplating, notably nickel deposition, are attributed to 
bubbles, of either hydrogen or other gases. The origin of these gas 
bubbles is discussed at length and, with the aid of numerous micro- 
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photographs, different types of pits are illustrated. Furthermore, 
it is emphasised that most bubbles are non-adherent. The adherence 
of bubbles to the basis metal, or to the surface of the electrodeposited 
metal, is attributed to a wide variety of possible irregularities in 
this surface, such as scratches, nodules, foreign particles anchored to 
the surface, &c. Gas bubbles may continue to adhere without 
increasing in volume, or they may grow in size and either remain at 
the surface or detach themselves and escape from the solution. The 
interposition of a thin coat of copper between two coats of nickel is 
suggested as a practical means for the elimination of pits. 

The Testing of Thickness of Deposits. S. G. Clarke. (Metal 
Industry, 1936, vol. 49, Oct. 23, pp. 419-422). The relationship 
between the thickness of an electrodeposit and its protective value 
is well established, but hitherto the determination of the thickness 
of coatings such as nickel has not been possible without the aid of 
a laboratory. The present article describes the new B.N.F. jet-test 
for the determination of thickness in a few minutes. The equip- 
ment required is simple and inexpensive. Practical details for the 
operation of this test are given. 

Some Properties of Nickel Electrodeposits. R. J. McKay. 
(Metals and Alloys, 1936, vol. 7, Aug., pp. 193-198). The author 
draws up a general, though only partially complete, set of relations 
between plating baths and their conditions on the one hand and th 
resultant properties of the electrodeposits on the other. 

Colouring of Steel. (Industrial Heating, 1936, vol. 3, Aug., p. 
512). The colouring of steel by means of films of oxides of iron 
formed on the surface is discussed briefly. 

The Theoretical Basis and Practical Application of the Different 
Phosphate Protective Processes Against Corrosion. R. Justh. 
(Korrosion und Metallschutz, 1936, vol. 12, Aug., pp. 202-208). 
The author considers the theoretical and practical aspects of the 
phosphate coating process for the protection of iron and steel surfaces 
against corrosion. 

The Protection of Iron Against Corrosion by ‘‘ Atramentisation.”’ 
G. Bittner. (Korrosion und Metallschutz, 1936, vol. 12, Aug., pp. 
208-211). The “ atramentisation”’ (Atramentierung) process, a 
chemical process for the protection of surfaces which makes use of 
phosphoric acid and its salts, is described. When iron parts are 
inserted in the solution of a primary heavy-metal phosphate, ¢.g., 
manganese phosphate, under optimum conditions for the reaction, 
some of the surface iron is dissolved and hydrogen developed. As a 
result the free hydrogen atoms of the acid phosphate are supplanted 
by iron, and a mixture of secondary and tertiary manganese-iron- 
phosphates is formed on the iron surface, the tertiary salt pre- 
dominating. The reaction and its visible characteristic, the forma- 
tion of gas, cease as soon as the iron surface is closely covered with 
the mixture of salts. The process and apparatus are described and 
illustrated. 
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Imperfect Phosphate Coatings ; their Causes and Remedy. 0. 
Macchia. (Korrosion und Metallschutz, 1936, vol. 12, Aug., pp. 
211-219). The article discusses the formation and causes of im- 
perfect and faulty phosphate coatings and describes a number of 
tests made on iron covered with the double phosphate of manganese. 
The various causes of imperfections are tabulated together with the 
suggested remedies. 

Tests for the Determination of the Resistance of Phosphate 
Coatings. H. J. Lodeesen. (Korrosion und Metallschutz, 1936, 
vol. 12, Aug., pp. 219-222). The author describes the tests applied 
in the Parker Rust-Proof Company’s laboratory at Detroit for the 
determination of the resistance of phosphate coatings. They differ 
in certain respects slightly from those standardised by the U.S. 
Bureau of Standards. 

The History of Phosphate Protection Against Corrosion. O. 
Macchia. (Korrosion und Metallschutz, 1936, vol. 12, Aug., pp. 
197-202). The literature dealing with phosphate coating as a 
protective device against corrosion omits all mention of its historical 
development. The present author has summarised this history, 
which will be of interest to research workers, who will derive there- 
from an insight into the various stages of evolution through which the 
phosphate coating process has passed. 

U.S.S.R. Research on Phosphate Protection Against Corrosion. 
M. von Pohl. (Korrosion und Metallschutz, 1936, vol. 12, Aug., pp. 
222-226.) The author has abstracted and summarised recent work 
done in Russia in connection with the protection of metals against 
corrosion by the phosphate process. 

The Failure of Galvanising Baths. D.Ross. (Sheet Metal Indus- 
tries, 1936, vol. 10, Aug., pp. 593-595). Some factors affecting the 
life of a galvanising bath are discussed. 

Theoretical Basis of Galvanising. H. Grubitsch. (Berg- und 
Hiittenmiannisches Jahrbuch, 1936, vol. 84, Aug. 28, pp. 47-54). 
The author reviews the technical basis of the galvanising of metals. 

The Technique of Galvanising and the Surface Protection of Metal 
Objects. A. Wogrinz. (Berg- und Hiittenminnisches Jahrbuch, 
1936, vol. 84, Aug. 28, pp. 41-47). The author reviews the history 
and theory of the galvanising process for the surface protection of 
metal objects. 

The Aplataer Galvanising Process. (Sheet Metal Industries, 
1936, vol. 10, Sept., pp. 677-678). This article contains a technical 
description of the Aplataer process for galvanising sheets, the weight 
of coating being of the order of 0-8 oz. per sq. ft. The process results 
in a large saving of fuel, which is approximately 40% as compared 
with existing plants. A further advantage is the complete elimina- 
tion of the deterioration of the bath and elimination of the repairs and 
fresh brickwork for the flues, &c., resulting therefrom. The formation 
of zinc-iron alloy is claimed to be impossible in the Aplataer process. 
The process has been used for two years by the Vereinigte Stahlwerke. 
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Wire Processes and Methods. R. Saxton. (Wire Industry, 
1936, vol. 3, Sept., pp. 385-387). The article describes the sand 
galvanising and sherardising processes in general terms. 

Porosity Tests for Zinc-Coated Iron and Steel. W. A. Koehler 
and R. O. Burford. (Electrochemical Society, Oct. 1936, Preprint 
70-22). The authors state that it has been found practicable to 
apply the Walker test for pinholes, when iron or steel is coated 
with zinc, using an external e.m.f. to produce ferrous ions at the 
points where the iron is exposed. Paper impregnated with a test 
solution can also be used for the test with or without an external 
e.m.f., depending upon the nature of the metal coating on the iron. 

The Welsh Tinplate Industry. W. C. Jackson. (British Com- 
mercial Gas Association, Oct. 3-6, 1936: Gas World, 1936, vol. 
105, Oct. 17, Industrial Gas Supplement, pp. 20-22). This paper 
reviews the Welsh tinplate works in their relations to the gas 
industry. The experimental work done by local gas companies 
with regard to the gas-firing of industrial furnaces is described. 

Modern Tendencies in Vitreous Enamelling. S. Hallsworth. 
(Institute of Vitreous Enamellers, Oct. 1936: Foundry Trade 
Journal, 1936, vol. 55, Oct. 8, pp. 279-282, 284). The author 
surveys the recent considerable improvements that have been made 
in both technical and practical aspects of the vitreous enamelling 
industry, t.e., the application of enamel to sheet and cast iron 
utilised in the manufacture of domestic appliances. Special atten- 
tion is devoted to the utilisation of mechanical aids to production 
in the interests of lower costs. 

Opacifiers in Wet and Dry Enamels. L. Stuckert. (Verein 
deutscher Emailfachleute : Foundry Trade Journal, 1936, vol. 55, 
Aug. 6, pp. 106-108, 110; Sept. 3, pp. 183-188). This paper deals, 
in the first place, with purely practical requirements. It is divided 
into the investigation of the influence of the opacifier on the coat- 
ing power of the enamel; its bending strength and heat resistance ; 
its solubility on extraction with dilute acids; and the opacity and 
lustre after normal burning and overburning. The effect of opaci- 
fiers has been investigated with both wet and dry enamels. The 
optical influence of the opacifier on the enamel is given special con- 
sideration. The investigation covered stannic oxide in both pure 
and admixed form, mixed opacifiers, meta-antimonates, cerium 
oxide and gas opacifiers. 

Measurement and Significance of Enamel Thickness. H. H. 
Holscher. (Journal of the American Ceramic Society, 1936, vol. 19, 
Oct., pp. 298-303). Using the electric thickness gauge, a study was 
made of the serviceability of enamel parts with particular attention 
to breaking or chipping. It is shown that it is more economical 
to scrap all parts which have an enamel thickness of 27 mils or 
more than to use the parts and pay the subsequent replacement 
costs. A brief discussion of the gauge and its uses in the enamel 
shop are also given. 

c 








324 COATING OF METALS. 


The Preseat Position of the Composition of Paints for the Rust 
Protection of Bridges and Steel Structures. B. Scheifele. (Korro- 
sion und Metallschutz, 1936, vol. 12, Sept., pp. 245-249). The 
author summarises recent advances in the use of paints and var- 
nishes as protection against the rusting of bridges and other steel 
structures. 

Chlorinated Rubber as Protective Coating Against Corrosion. 
G. Schultze. (Korrosion und Metallschutz, 1936, vol. 12, Sept., 
pp. 249-253). A summary is given of the theoretical aspect and 
practical application of chlorinated rubber as a protective coating 
against corrosion. 

The Limits of Effectiveness of Rust-Preventing Oils. I’. Hein- 
rich and E. Schuth. (Stahl und Eisen, 1936, vol. 56, Oct. 1, 
pp. 1210-1211). The authors state that the usual oils and natural 
vaseline protect cold-rolled strip steel against corrosion at room 
temperature up to a definite degree of atmospheric humidity. The 
critical limit of relative humidity is 60 to 70% in the case of re- 
fined non-fatty mineral oil, 80° for natural vaseline, 80 to 90%, for 
refined fatty mineral oil, and 100° for fatty natural vaseline. 
The limit of humidity up to which the rust-preventing material is 
still effective increases, in the case of refined mineral oil, with 
increased viscosity. The authors conclude by advising works to 
record humidities with the thermo-hydrograph and to keep note of 
their practical experience. 
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PROPERTIES AND TESTS 


Similarity between the Stress-Strain Diagrams Obtained from 
Impact Tensile and Torsional Tests. M. Itihara. (Transactions of 
the Society of Mechanical Engineers, Japan, 1936, vol. 2, Feb., 
pp. 197-202). (In Japanese.) 

Calculation of the Elongation at Fracture Determined in the 
Tensile Test to Other Test Lengths. W. Kuntze, F. Uebel, and F. 
Gentner. (Mitteilungen der deutschen Materialpriifungsanstalten, 
1936, Sonderheft 28, pp. 79-93). (See Journ. I. and 8. I., 1936, No. 
II, p. 73.) 

The Distribution of Stress and Shape Coefficient of Reduced- 
Section Tensile Bars for the Testing of Welded Joints in Accordance 
with the German Standard DIN 1918. G. Griining and W. Hoff- 
mann. (Elektroschweissung 1936, No. 2: Mitteilungen der deut- 
schen Materialpriifungsanstalten, 1936, Sonderheft 28, pp. 35-36). 
In the tensile test-bar laid down for determining the tensile strength 
of welded joints in accordance with the German standard DIN 1913, 
DVM test method A 120, the shape coefficient, ¢.e., the ratio of the 
maximum surface stress to the average stress, equals 1-27. 

Inspection and Tensile Tests of Some Worn Wire Ropes. W. H. 

Fulweiler, A. H. Stang, and L. R. Sweetman. (Journal of Research 
of the National Bureau of Standards, 1936, vol. 17, Sept., pp. 401- 
451). In co-operation with the Special Research Committee on 
Wire Rope of the American Society of Mechanical Engineers, 229 
specimens taken from 79 worn wire ropes were tested. The con- 
dition and strength of each sample were determined. The strength 
was estimated, using charts prepared by the Roebling Co. It was 
found that the estimated strength and the actual strength were 
nearly the same. These data indicate that the strength of worn 
ropes may be determined with sufficient accuracy for deciding 
when the rope should be replaced by measuring the length of worn 
surface on the outside wires and counting the number of broken 
wires, 
Impact Torsion Tests (5th Report).—On the Impact and Static 
Torsion Diagrams of 0°6, 0-8, 1°0, and 1:°3°/, C Swedish Steels at Low 
and High Temperatures. M. Itihara. (Transactions of the Society 
of Mechanical Engineers, Japan, 1936, vol. 2, Feb., pp. 188-197). 
(In Japanese.) 

British Engine Boiler and Electrical Insurance Co., Ltd.— 
Technical Report for 1935. This report embodies investigations into 
the failure of steam boilers due to embrittlement and sundry 
failures of engines and other machines due to quenching cracks in 
parts made of alloy steel, &c. A major part of the report is devoted 
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to the notched-bar test applied to steel and weld metal, with 
special reference to the Izod test. Some causes of so-called incon- 
sistencies in the results of Izod tests and the influence of the depth 
of the notch and the height of the specimen in the Izod test are 
dealt with. 

Notch Shape and the Elastic Distribution of Elongation (in the 
Condition of Plane Stressing). W.Kuntze. (Stahlbau, 1936, No. 16: 
Mitteilungen der deutschen Materialpriifungsanstalten, 1936, Son- 
derheft 28, pp. 105-112). The author propounds a mathematical 
law for the distribution of elongation. An empirical relation 
between the mathematical factor (parameter) belonging to this law 
and the geometric shape is established. A method is then developed 
by means of which the characteristic of the notch effect, the shape 
coefficient, can be determined for any shape on the drawing board. 
The investigation is primarily intended as a preliminary to the 
study of the effect of the stress distribution on the fatigue strength 
of symmetrically notched test-bars, and will later be expanded to 
include practical constructions. 

Directions for Uniform Hardness Tests. W. Kuntze. (Tech- 
nisches Zentralblatt fiir praktische Metallbearbeitung, 1936, vol. 46, 
Nos. 15-18: Mitteilungen der deutschen Materialpriifungsanstalten, 
1936, Sonderheft 28, pp. 121-124). The author describes the 
properties of material which bear on the hardness tests, in view 
of the fact that the emphasis is generally placed on the apparatus 
used in the tests, so that the effects of the shape are not given 
sufficient attention. 

The Microcharacter as a Research Tool. W. J. Conley, W. E. 
Conley, H. J. King, and L. E. Unger. (Transactions of the American 
Society for Metals, 1936, vol. 24, Sept., pp. 721-734). The “ micro- 
character,’ an instrument which can be used to determine the 
relative hardness of the microscopic constituents of alloys, is 
described together with the technique of its operation and inter- 
pretation of the results. The fundamental reasons for the adoption 
of the diamond point as the cutt’ng tool, ground to the shape of 
the corner of a cube, are stated. Micrographs are included 
to show the range of hardness determinations possible and also 
tables showing the conversion from width of cut in microns to 
microhardness. A table is also given of hardness determinations 
for several metals and micro-constituents of alloys as found by the 
authors. Finally, some examples show the practical possibilities 
of the instrument for the recognition of structures, the deter- 
mination of machinability of steel and the study of the case on 
case-hardened steels. 

The Quench-Ageing of Commercial Mild Steel. “J. A. Jones. 
(Metallurgist, 1936, Oct. 30, pp. 171-174). The author discusses 
briefly the susceptibility of low-carbon steels to age-hardening after 
rapid cooling from temperatures just below the beginning of the 
Ac, change. Various experimental data are adduced and the 
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effect of small additions of titanium to the steel is considered. 
The main feature is a refinement of inherent grain size, which is 
known to be effective in eliminating embrittlement. The effect 
of relatively high titanium contents is to be attributed to the 
formation of titanium carbide, which is insoluble in «-iron. Hence, 
when the titanium content of the steel exceeds four times the 
carbon content, complete de-activation of the carbon results, and 
no quench-ageing effects are obtained. 

Undue Cylinder Wear in Internal Combustion and Steam Engines. 
H. J. Young. (Proceedings of the Institution of Automobile 
Engineers, 1935-36, vol. 30, pp. 69-80). The author discusses bore 
wear in general and includes only common factors, namely, those 
present in all engines using cylinders. He deprecates the bad 
wear of ordinary cast iron, which seems to be mainly due to the 
fact that there exists no specification for a good-wearing iron of 
this class. The main part of the paper is devoted to the metallo- 
graphic constitution of various irons and its relation to wear. 

The Change in Volume Resulting from Magnetisation and the 
Invar Alloys. V. Dehlinger. (Zeitschrift fiir Metallkunde, 1936, 
vol. 28, July, pp. 194-196). The decrease in volume observed by 
Késter and Schmidt when the demagnetisation approaches the 
Curie point may be deduced directly from the integral curves 
plotted from measurements of the moments of saturation. The 
curves further indicate that this decrease in volume is especially 
large in the case of the Invar alloys, thus providing an explanation 
of the Invar characteristic. 

A Device for Measuring the Electrical Conductivity of Liquid 
Cast Iron and its Application in Practice. W. Schmid-Burgk, E. 
Piwowarsky and H. Nipper. (Zeitschrift fiir Metallkunde, 1936, 
vol. 28, Aug., pp. 224-227). A measuring apparatus for the deter- 
mination of the electrical resistance of cast iron at temperatures of 
up to 1600° C. is described. The resistance is determined only from 
readings on the primary side of the transformer, which avoids the 
electrical connections with the hot bath formerly necessary. The 
device is simultaneously used to heat the bath. The authors dis- 
cuss the method of measurement and the results obtained with it. 
The metallurgical application of the test results to the graphitisa- 
tion of cast iron was found to have no positive bearing on the 
views held with regard to the latter. 

The Heat Conductivity of Chromium Steels at High Temperatures. 
E. Maurer. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, Oct., 
pp. 145-154). The author compares the results obtained for 
various steels by different observers and stresses the importance 
of a uniform and exact method for the measurement of the heat 
conductivity of steels. 

The Effect of High Temperature on the Properties of Steel. 
W. Barr. (Transactions of the Liverpool Engineering Society, 
1935-36, vol. 57, pp. 23-41). The author reviews the present state 
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of knowledge concerning the effect of high temperatures on the 
strength and toughness of steel, as also on its resistance to the 
attack of various atmospheres. 

High Temperature Properties of Nickel-Cobalt-Iron Base Age- 
Hardening Alloys.—Part II. ©. R. Austin. (Transactions of the 
American Society for Metals, 1936, vol. 24, Sept., pp. 481-512). 
The behaviour of the modified ternary alloys with respect to 
chemical corrosion in normal solutions of nitric and hydrochloric 
acids and to atmospheric corrosion at 800° to 1100° C. (1470° to 
2010° F.) is considered. It is shown that in general the alloys 
exhibit a markedly superior resistance to chemical corrosion in the 
reducing acid but that chemical attack is still progressive after 
16 days of test. In the oxidising acid the alloys containing chromium 
are attacked during the first 24 hours but thereafter very little loss 
in weight is observed. Data on weight loss at elevated temperatures 
have been presented in tabulated and graphical form, whereby 
direct comparison may be drawn between the behaviour of the 
new alloys and commercial 80/20 nickel-chromium and stainless 
18/8 steel. The importance of chromium is at once apparent. Many 
of the alloys have a greater resistance to high temperature oxidation 
than 18/8 steel, but at 1100° C. (2010° F.) only the alloys containing 
aluminium are ‘equal or superior to nickel-chromium. The nature of 
the microstructure of the alloys is illustrated and discussed, and data 
on the electrical resistivity of many of the alloys are recorded. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1936, vol. 64, Aug., 
pp. 32-33, 60). The continuation of a series of articles in which 
the author discusses some of the general engineering properties of 
grey cast iron (see Journ. I. and 8. I., 1936, No. II, p. 230a). 

The Strength Properties of Grey Cast Iron in Relation to the 
Wall Thickness and the Position in the Cast Iron Diagram. H. 
Uhlitzsch and K. Appel. (Giesserei, 1936, vol. 23, Sept. 25, pp. 
524-531). The results of an investigation into the influence of 
carbon, silicon and wall thickness on the mechanical properties 
and bending index of grey cast iron are described. In order to 
obtain ternary diagrams, carbon and silicon were, in relation to 
their effect on the tensile strength, bending strength, bending 
index and hardness, replaced by a single factor, which could be 
shown with the aid of several diagrams. The correctness was 
tested by the study of several published researches. The examina- 
tion showed that the hardness was chiefly influenced by the basic 
structure, the tensile strength by the graphite form and _ basic 
structure, and the bending strength by the graphite design. The 
wall thickness sensitivity of the cast iron decreases in proportion 
with the reduced carbon and silicon content. The hardness cannot 
be made use of as a criterion for the wall thickness sensitivity of a 
cast iron. The article ends with a diagram which permits the 
corresponding drop of the tensile strength to be deduced from the 
reduction in hardness at different wall thicknesses. 
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Selection and Application of Cast Metals to Machine Construc- 
tion. G.P. Phillips. (Journal of the Western Society of Engineers, 
1936, vol. 41, Aug., pp. 187-201). The paper points out, in a very 
brief way, the properties and some of the present applications of 
the cast steels, malleable irons, grey irons and special alloy irons, 
now being produced. 

Recent Developments in Metallurgy and their Influence on 
Engineering. ©. E. Schneider. (Journal of the Institution of 
Civil Engineers, 1936, vol. 3, Supplement to No. 8, Oct., pp. 657- 
676). The author reviews the history of metallurgy on broad lines 
and summarises recent developments in the properties of metals 
which are of interest to the engineer and consumer. 

First Report of the Alloy Steels Research Committee. (Iron and 
Steel Institute, 1936, Special Report No. 14). For the purpose of 
their researches, the Committee have adopted the following arbitrary 
definition : ‘‘ Carbon steels are regarded as steels containing not 
more than 1:5% manganese and 0-5% silicon, all other steels being 
regarded as alloy steels.” 

In Section II. of the Report, W. H. Hatfield deals with research 
as regards alloy steels, the theme being the great need for an ex- 
tension of fundamental knowledge and for the postulation of 
empirical laws which may be useful in guiding experiment in the 
alloying of the elements with iron. 

In Section IIT. the atomic arrangement in alloys is discussed, 
and an account is given by L. Rotherham of a series of three lectures 
delivered by W. L. Bragg at the Royal Institution. An outline is 
given of present knowledge of the order-disorder change in the atomic 
arrangement, how this knowledge has been gained, and the effects 
on physical properties. The theoretical side of the work is referred 
to, and is important, since the change is to some extent similar to 
allotropic changes and fusion, and may lead to a better understanding 
of these changes. 

In Section IV. the present position as regards the iron-carbon- 
chromium system is dealt with by J. H. G. Monypenny. Alloys of 
iron, chromium, and carbon have been the subject of many investig- 
ations, because chromium is one of the most widely used alloys 
in ferrous metallurgy, some of the effects it produces being unique. 
In spite of this, a great deal of information regarding the ternary 
diagram is lacking and much of the existing data requires confirm- 
ation. In this memorandum the present position is reviewed, 
and indications are given where further information is required. 

In Sections V. and VI. knowledge extant relative to the iron- 
nickel system and the alloys of iron and sulphur are dealt with by 
C. H. Desch. 

In Section VII. J. H. Andrew and C. G. Nicholson present a 
paper on the cobalt-iron system, dealing entirely with the equilibrium 
diagram of the system. This diagram is of the peritectic type with 
transformations in the solid. The results of this work agree very 








38 A PROPERTIES AND TESTS. 


well with the latest Japanese diagram, only departing from it in 
certain details. One interesting feature which has still to be 
further investigated has reference to a transformation in the 50% 
alloy, representing the minimum point in the liquidus-solidus 
curve; at this composition the liquidus and solidus coincide. 
X-ray investigation has been undertaken, and is reported in an 
Appendix. 

In Section VIIT. W. R. Maddocks and G. E. Claussen describe 

researches on (i) the iron-copper system. The diagram presented 
is similar to other diagrams that have been published, and liquid 
immiscibility in the system has not been found to exist. A more 
detailed examination of the eutectoid region of the system is now in 
progress. (ii) The iron-copper-carbon system. It has been found 
that the liquid immiscibility reported by previous authors is due 
to the presence of impurities, particularly carbon. The extent of 
the miscibility gap has been determined and work is proceeding 
on the eutectoid region. (iii) The iron-cobalt-copper system. Of 
the problems presented by the diagram, three appeared outstanding : 
(a) Do the inflected liquidus curves of the binary copper systems 
induce liquid immiscibility in the ternary triangle? (b) Does the 
gamma solid solubility curve display anomalous behaviour in the 
neighbourhood of the composition corresponding to the compound 
FeCo? (c) To what extent is the minimum in the iron-cobalt 
liquidus propagated into the ternary liquidus surface? Within the 
narrow limits of the experimental programme evolved, satisfactory 
answers to the above questions have been obtained. There is no 
liquid immiscibility, nor is there unexpected behaviour suggestive 
of compound formation in the gamma solubility. The minimum 
on the iron-cobalt liquidus is obliterated by the addition of 50% 
copper. 
‘ie Section IX. P. B. Henshaw presents the First Report of the 
Thermal Treatment Sub-Committee. In IX. (A) will be found the 
Introduction. In IX. (B) G. Stanfield deals with the temperature 
distribution and stress effects in the heating of masses. The im- 
portance of the subject of heating of masses of steel will be recognised 
when it is considered that reheating must be employed as a prelimin- 
ary to forging and rolling operations as well as for various 
heat-treatment operations. The author discusses the factors 
influencing the rate of heat absorption and penetration, and points 
out the varying effect in large masses as compared with small ones. 
It is pointed out that internal stresses set up within the mass are 
important in the early stages of heating. Various curves and data 
are quoted from experimental work and from thermal calculations 
illustrative of practical operations. a 

In Section IX. (C),T. F. Russell in hispaper on some mathematical 
considerations on the heating and cooling of steel, deals with the 
conduction of heat through plates, circular and rectangular bars, 
finite cylinders, and rectangular blocks for each of three sets of 
surface conditions. Many numerical data are given from which 
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theoretical heating or cooling curves may be drawn—these curves 
being essential for the interpretation of practical results, and the 
easy application of one set of practical results to the heating and 
cooling of other shapes and sizes. 

In Section X. overheating and burning in alloy steels is the subject- 
matter of G. Wesley Austin’s research. This report deals essentially 
with certain forgings in nickel-chromium-molybdenum steel. A 
general survey of the subject of “ overheating ” is given, followed 
by results of examination of forgings which had given unsatisfactory 
fractures. The general characteristic of such fractures is the pres- 
ence of small areas described as “‘ matt ’’ surfaces. The experimental 
work carried out leads to the conclusion that this appearance is 
associated with overheating during some stage of production, since 
it was found possible to reproduce it in otherwise good material 
which had been reheated to a temperature of 1350° C. or over. 
As a result of tests of vessels under internal pressure and by other 
methods it is concluded that not all forgings showing this feature in 
the fractures are unserviceable, but such forgings should be looked 
upon with suspicion. A criterion for satisfactory ductility is 
suggested. 

In Section XI. an account is given of researches by A. Preece, 
G. T. Richardson, and J. W. Cobb on the scaling of steels in sulphur- 
free and sulphur-containing furnace atmospheres. Work previously 
carried out has dealt with laboratory experimental work on the 
scaling of steels in furnace atmospheres resulting from the com- 
bustion of different fuels. In those experiments, the same mild 
steel was used throughout. In the work now described, the survey 
has extended to a number of alloy steels, so as to determine the in- 
fluence of varying the composition of the metal on the amount 
of scale obtained. Moreover, particularly in connection with sul- 
phur, the nature of the attack of the atmosphere on the metal has 
been studied by metallographic methods. It has been found that 
in an atmosphere consisting of 80% nitrogen, 10% carbon dioxide, 
and 10% steam at 1000° C.: (a) the rate of scaling of plain carbon 
steels decreases progressively as the carbon content of the metal 
increases, but when sulphur dioxide is present in the atmosphere, 
the rate of scaling is considerably increased and is unaffected by the 
carbon content of the metal; (b) the resistance to scaling conferred 
on the metal by the alloying element in a 4% silicon steel is com- 
pletely destroyed when sulphur dioxide is admitted to the 
atmosphere. This is also true for a 12% ehromium and a 5% nickel 
steel, but with an 18% chromium, 8% nickel steel, the resistance 
to scale formation is unaffected by the addition of sulphur dioxide. 

Section XII. contains a paper by J. H. Andrew and D. Swarup on 
the influence of phosphorus on the tensile and shock-resisting 
properties of certain alloy steels, dealing with steels of a carbon 
content varying between 0-07% and 0-22%, and containing phos- 
phorus between 0-15% and 0:25%. A phosphorus content of this 
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percentage in the absence of alloying elements invariably gives a 
low impact value. It was found, however, that by adding small 
amounts of copper and chromium and killing the ingot with 0-2% 
of aluminium, steels could be produced possessing enhanced pro- 
perties due to the high phosphorus content, with an impact value 
of 90 ft.lb. Several steels giving excellent mechanical properties 
were obtained after making a great many samples of varying com- 
positions. Further, a means of separating the phosphorus in 
solution and the phosphorus in the free state was devised, and it 
was found that it was the phosphorus in solution in these steels 
which gives rise to the low Izod impact value. Provided that the 
alloying elements are suitably chosen and in correct quantities, 
steels can be produced in which the whole of the phosphide separates 
out with the sorbite, and in this way the phosphide particles will 
act similarly to the carbide particles. Experiments on corrosion 
show that the steels having these good mechanical properties 
possessed a considerable resistance to atmospheric corrosion, the 
deposit which formed upon them being smooth and adherent and 
serving to protect the underlying metal. Steels of this character 
were readily cold-rolled into sheet and possessed high Erichsen 
values. A considerable part of this paper is devoted to the etching 
of these phosphorus alloy steels, for it was found that special 
methods of etching were necessary in order to bring out the structures. 
Another interesting feature relates to the heat treatment. All the 
steels were normalised, and this was often found to be very critical, 
as the normalising temperature was too high. The impact value 
decreased, but the critical nature of the normalising treatment was 
very much less in the steels eventually made with the addition of 
0-2% of aluminium, which gave rise to the best mechanical properties. 

In Section XIII. abstracts are given of three papers, provided 
under the xgis of the Committee for the Chemical Engineering 
Congress of the World Power Congress, 1936, dealing with the sub- 
ject of steel and its application in the chemical and allied industries. 

First Stainless Steel Commercial Plane Christened ; Takes 1600 
Pounds. (Steel, 1936, vol. 99, Oct. 5, p.19). A short description is 
given of the first stainless steel commercial aeroplane to be produced 
in the U.S.A. It was constructed by the ‘“ shotweld ” process of 
fabricating stainless steel, so that the fuselage and wing are virtually 
a one-piece unit. The stainless steel hull is finished in circular 
knurls with a pleasing effect. 

Automobile Design and Nickel Alloy Steels. (Mond Nickel Co., 
Ltd., Bureau of Information on Nickel). The various applications 
of nickel alloy steels for automobile parts are summarised and 
the problem of fatigue is discussed. 

Low-Alloy Structural Steels. E. C. Bain and F. T. Llewellyn. 
(Symposium on the Structural Application of Steel and Light- 
Weight Alloys: Proceedings of the American Society of Civil 
Engineers, 1936, vol. 62, Oct., pp. 1184-1200). A general survey of 








the | 
atte! 


posit 
Allo 
1936 
grou 


(Syx 
Wei 
Eng 
cuss 
thei: 
case 
brid 

] 
gine 
cati 
Ame 
1305 
stee 
fact 
ane 
stee 
disc 

! 


E. 
Stee 
of € 
cov 
two 
pro! 
stal 
pha 


(Me 
sum 
spe 
indi 

| 
(Wi 
Ad 
of | 
mu: 
silic 


thei 
tow 








PROPERTIES AND TESTS. 414 


the low-alloy steels suitable for structural work is provided, special 
attention being given to the alloying elements. 

Stainless, High-Alloy Structural Steels. M.J.R. Morris. (Sym- 
posium on the Structural Application of Steel and Light-Weight 
Alloys: Proceedings of the American Society of Civil Engineers, 
1936, vol. 62, Oct., pp. 1201-1209). The author discusses the large 
group of steels, the base of which is approximately 12% chromium. 

Actual Applications of Special Structural Steels. V. D. Beard. 
(Symposium on the Structural Applications of Steel and Light- 
Weight Alloys: Proceedings of the American Society of Civil 
Engineers, 1936, vol. 62, Oct., pp. 1252-1276). The author dis- 
cusses the special structural steels, which draw their distinction from 
their physical properties, or their resistance to corrosion, or in some 
cases from both, in their actual application to the construction of 
bridges in America. 

Evolution of High-Strength Steels Used in Structural En- 
gineering. L. 8S. Moisseiff. (Symposium on the Structural Appli- 
cations of Steel and Light-Weight Alloys: Proceedings of the 
American Society of Civil Engineers, 1936, vol. 62, Oct., pp. 1277- 
1302). The development which led to the use of higher strength 
steels for bridges in the United States is outlined in this paper. The 
factors governing the design of most large American bridges afford 
an excellent illustration of the evolution of the use of higher strength 
steels, and are described in detail. The limitations of such steels are 
discussed at length from their technical and practical aspects. 

The Application of Stainless Steel in Light-Weight Construction. 
E. J. W. Ragsdale. (Symposium on the Structural Applications of 
Steel and Light-Weight Alloys : Proceedings of the American Society 
of Civil Engineers, 1936, vol. 62, Oct., pp. 1304-1311). This paper 
covers a summary of the applicability to light construction of the 
two major typesof stainless steel, and then describes briefly the general 
problems of design, fabrication, and usages. Questions of plate 
stability, efficiency of spot-welded connections, and the economic 
phases of a relatively costly material are lightly touched upon. 

Progress in Steels for the Petroleum Industry. L. Sanderson. 
(Metallurgia, 1936, vol. 14, Sept., pp. 147-148). The author 
summarises the principal advances made in the development of 
special steels especially those of direct importance to the petroleum 
industry. 

The Selection of Wire Spring Materials. J. W. Rockefeller, jun. 
(Wire and Wire Products, 1936, vol. 11, Oct., pp. 521-526, 592-593). 
A discussion of the more important considerations in the selection 
of spring-making materials including the following steel wires : 
music wire, annealed steel, hard wire, and chromium-vanadium and 
silicon-manganese alloys. 

The Mechanical Characteristics of Spring Steels as a Function of 
their Thermal Treatment. I. Feszczenko-Czopiwski and Z. Wusa- 
towski. (Prace Badawcze Huty Baildon, 1936, Sept., pp. 51-70). 
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The paper describes an investigation into the effect of added elements 
and heat treatments on the mechanical characteristics of spring 
steels. (In Polish.) 

Springs of Stainless Steel. S. Tour. (Iron Age, 1936, vol. 138, 
Oct. 15, pp. 101-112). Many springs must be resistant to corrosive 
gases or liquids. As the existing literature contains but little on 
the application of stainless steels for springs, the author presents a 
comparative study of the efficiency for this purpose of various 
steels. Among other things, it is proved that if a Rockwell hardness 
of C-39 is adequate, a properly heat-treated stainless iron performs 
even better than chromium-vanadium spring steel. The data 
presented are supported by the performance records of thousands 
of springs in actual service. 

An Attempt to Replace the Tungsten in High-Speed Steels by 
Chromium. I. Feszcezenko-Czopiwski and F. Mayer. (Prace 
Badaweze Huty Baildon, 1936, Sept., pp. 33-36). With the object 
of examining the possibility of lowering the cost of special tool steels 
and of facilitating their production in the event of a shortage of 
tungsten, the authors have manufactured a number of chromium 
steels with a low tungsten content and subjected them to quenching 
and metal-cutting tests. These tests are described, and the authors 
conclude by stating that the steels in question, containing about 
14% of chromium and more than 3% of tungsten can replace steels 
with a high tungsten content, although they are inferior to high- 
speed steels. (In Polish.) 
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Improvements on Metallurgical Microscopes. R. Pusch. (Stahl 
und Eisen, 1936, vol. 56, Nov. 5, pp. 1330-1337; Nov. 12, pp. 1362- 
1365). Recent improvements and innovations in connection with 
metallurgical microscopes are described and illustrated. 

Grinding and Polishing for Micrography. W. H. Dearden. 
(Metallurgist, 1936, Aug. 28, p. 156; Oct. 30, pp. 162-164). This 
is a short account of the methods of preparing specimens for micro- 
scopic examination. The author confines himself to the technique 
of grinding and polishing, the preparation of abrasives, and some 
notes on mounting media. 

The Sodium Cyanide Metallographic Etch Test for Revealing 
Precipitated Carbides in the 18-8 Type Stainless Steels. W. B. Arness. 
(Transactions of the American Society for Metals, 1936, vol. 24, 
Sept., pp. 701-720). Much of the attention devoted to the study of 
the 18/8 type stainless steels has been focused upon the related 
problems of carbide precipitation and intergranular corrosion. 
Methods of detecting the presence of carbides have been developed, 
and one of them—the sodium cyanide metallographic etch—has 
been found to be reliable and sensitive. Properly used it will reveal 
carbides without attacking austenite or crystal boundaries. The test 
is applied to 18/8 in any condition, as after hot- or cold-working, after 
heat treating or welding, or after exposure to corrosive media. Speci- 
mens are polished, immersed in a 10% solution of NaCN in water, and 
electrolytically etched, in preparation for examination under the 
microscope, usually at a magnification of 500. Carbides, when 
present, appear as black lines or globules in an otherwise unetched 
surface. The principal objects of this study were to determine whether 
the NaCN test can be relied upon to reveal the presence of precipitated 
carbides in 18/8 steels, and to outline a satisfactory technique for 
applying it. Attention was also directed to a consideration of the 
proper scope of the test, and a discussion of this aspect of the 
problem is included. Typical results are illustrated. All specimens 
were selected from commercial heats, and their treatment prior to 
testing was carefully supervised. All were anodically etched in the 
NaCN solution, using a 6-volt current. The size and shape of the 
specimens varied a little, but usually they were approximately 4 
in. square by } to} in. thick. A distance of 1 in., measured by eye, 
was maintained between the polished surface of the specimen and 
the parallel surface of the platinum cathode. 

The Application of X-Rays to Metallurgy.—Part OI. C. H. 
Plant. (Metallurgia, 1936, vol. 14, Sept., pp. 121-122). In this, 











444 METALLOGRAPHY AND CONSTITUTION. 


the final of the short series of articles on the application of X-rays 
to metallurgy, the author deals with the practical side of the subject, 
giving particular attention to the X-ray apparatus and to the results 
obtained from X-ray photography. (See Journ. I. and 8. I. 1936, 
No. II, p. 267 A.) 

The Control of Composition in the Application of the Debye- 
Scherrer Method of X-Ray Crystal Analysis to the Study of Alloys. 
W. Hume-Rothery and P. W. Reynolds. (Monthly Journal of the 
Institute of Metals, 1936, vol. 3, Oct., pp. 541-550). The applica- 
tion of the Debye-Scherrer method to the study of alloys is discussed 
critically with special reference to errors due to uncertainty of the 
exact composition of the filings comprising the specimen. It is con- 
cluded that where practicable it is desirable to analyse the actual 
filings from which the representative small sample used in the 
preparation of the specimen has been sieved. Methods are described 
for the preparation of perfectly clean filings suitable for accurate 
chemical analysis. It is shown that, in the determination of phase 
boundaries from lattice spacing measurements of two-phase alloys, 
misleading results may be obtained if the temperature of the pre- 
liminary anneal of the material in lump form is not suitably related 
to that of the final annealing of the filings. 

The Non-Destructive Testing of Materials by the Magnetic Powder 
Method. R. Berthold. (Maschinenschaden, 1935, vol. 12, No. 9, 
pp. 139-146 : Mitteilungen der deutschen Materialpriifungsanstalten, 
1936, Sonderheft 28, pp. 19-26). During the course of recent years 
the magnetic powder method has developed from its rudimentary 
beginnings into a non-destructive method of testing of undeniable 
importance. Its sensitiveness in showing up fine surface flaws 
coupled with the clearness of its indications and its low cost have 
brought this method together with the X-ray method into the front 
rank of the non-destructive methods of testing. 

A Self-Recording Apparatus for Thermal Analyses. R.L. Wilcox 
and J. R. Bossard. (Metals and Alloys, 1936, vol. 7, Sept., pp. 
221-224). A description is given of a self-recording apparatus for 
thermal analyses in general alloy development work and preliminary 
theoretical investigation. It requires the minimum of attention 
and the cooling and heating rates can be controlled at a chosen and 
reasonably uniform rate, while the data are automatically recorded 
in finished form with a fair degree of accuracy. 

The Acoustic Investigation of the Formation of Acicular Mar- 
tensite. F. Férster and E. Scheil. (Annual Meeting of the German 
Society for Metals, Hamburg, July 27, 1936: Zeitschrift fiir 
Metallkunde, 1936, vol. 28, Sept., pp. 245-247). The authors suggest 
a device for the registration of the sounds caused by the formation of 
martensite. The sounds indicate the formation of individual needles, 
which does not however solve the problem of the reproduction of all 
needles. The current produced in the instrument by the individual 
sound increases rapidly and drops more slowly. The upper limit of 
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the time of formation of the martensite is thus found to be 0-002 sec. 
The number of needles produced first increases and then decreases 
as the cooling proceeds. When the cooling is interrupted, the 
formation of martensite ceases rapidly. The number of needles in- 
creases and their size decreases proportionately as the number of 
grains is enlarged. 

Non-Metallic Inclusions in Cast Iron : A Review of the Literature. 
KE. Morgan. (Bulletin of the British Cast Iron Research Association, 
1936, vol. 4, July, pp. 355-361). The author surveys the literature 
on the subject of non-metallic inclusions in cast iron. 

Unusual Dendrites in Sheet Steel. A. Boyles and M. L. Samuels. 
(Metals and Alloys, 1936, vol. 7, Sept., pp. 232-238, 242). The 
authors discovered an abnormal grain growth when examining some 
specimens of commercial box-annealed sheets. The material in 
question had the following analysis : C0-03%, Mn 0-36%, P0-020%, 
S 0-:013%, Si 0-010%. It had been subjected to the usual sheet 
mill procedure in which sheets rolled from breakdowns are given an 
annealing cycle of some 30 hours or more, the maximum tempera- 
ture reached being about 1300° F. Some of the grains were ab- 
normally large, and in the central portion of such grains fine needle- 
like markings appeared after a light etch in 3% alcoholic nitric 
acid. Analysis showed that there could be no question of iron 
nitride. Upon continuing the etching definite tree-like formations 
of the grains were revealed. The authors indicate that the theory, 
according to which the dendrites are composed of iron carbide, 
seems quite conclusive. It is likely that they represent a com- 
promise between the natural habit of cementite and the restrictions 
imposed by precipitation along certain planes in ferrite crystals. 

The Boundaries of Metal Crystals. E.H. Bucknall. (Metal In- 
dustry, 1936, vol. 49, Sept. 25, pp. 311-316). The author presents a 
critical review of the present knowledge with regard to grain boun- 
daries. Considerable attention is paid to Rosenhain’s experimental 
work and theoretical conclusions. A useful bibliography is attached. 

The Importance of the Grain Size in Steel. ©. Leihener. (Stahl 
und Eisen, 1936, vol. 56, Oct. 22, pp. 1273-1278). This article 
summarises the present state of knowledge with regard to the 
influence of the grain size in steel with special reference to the work 
of American investigators. 

Grain Size Control of Austenite in Steels. I. Feszczenko-Czopiw- 
ski and A. Kalinski. (Prace Badaweze Huty Baildon, 1936, Sept., 
pp. 3-18). (In Polish.) The authors review the existing knowledge 
in regard to the control of grain size of austenite, and go on to con- 
sider the elements inducing a modification, such as aluminium, 
titanium, zirconium, vanadium, tungsten, and molybdenum. The 
influence of grain size on the transformation temperature of austenite 
is also discussed. The second half of the article is devoted to the 
consideration of the results obtained experimentally by the authors, 
the conclusions drawn being: (1) the grain size of austenite, when 
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once produced, cannot be changed except by reheating the steel 
above a certain temperature; (2) no mechanical treatment, hot or 
cold, can reduce the grain size of austenite; (3) the quenching 
capacity of the steel depends solely on the grain size of the austenite ; 
(4) the control of the actual production of steel may be replaced by 
a regular control of its chemical composition followed by the deter- 
mination of the grain size, as these two factors decide in advance the 
quality of the steel produced. 

Preferred Orientations Produced by Recrystallising Cold-Rolled 
Low-Carbon Sheet Steel. M.Gensamer and B. Lustman. (American 
Institute of Mining and Metallurgical Engineers, 1936, Technical 
Publication No. 748: Metals Technology, 1936, vol. 3, Sept.). 
The authors present data, from which the following conclusions 
are drawn: (1) Cold-rolled mild steel exhibiting a well-developed 
deformation texture recrystallises with the formation of a recrys- 
tallisation texture. (2) At no temperature of recrystallisation below 
the critical is there produced a random orientation of the crystallites 
(725° C. was the highest used in this work). (3) Glocker’s relation- 
ship between the deformation and recrystallisation textures has 
again been substantiated, but no rationalisation of the process is 
offered. (4) The pole figure for partly recrystallised cold-rolled 
mild steel originally exhibiting a normal texture agrees well enough 
with the pole figure for the surface of cold-rolled samples to lend 
support to the hypothesis that the surface texture may be pro- 
duced by partial recrystallisation of the texture characteristic of 
the inside of the sheet. 

Preferred Orientation and Rolling Characteristics of Low-Carbon 
Strip Steels. C. B. Post. (Transactions of the American Society 
for Metals, 1936, vol. 24, Sept., pp. 679-700). The preferred 
orientations existing in cold-rolled strip steel have been investigated 
by means of X-ray analysis. It is found that the “ mean ”’ orienta- 
tion is specified by a [110] direction of the unit cell along the 
direction of rolling with a cube face tending to become parallel to 
the plane of rolling at high percentage reductions. The diameter 
of the working-roll is shown to influence the angular deviation of 
the [110] direction from the rolling axis, that is, the smaller the 
working-roll diameter the greater is the divergence of [110] from the 
rolling direction. These results are discussed in the light of previous 
researches and are found to conform to the general picture of flow 
lines in metals. 

Recrystallisation by Hot Deformation. H. Kornfeld. (Archiv fiir 
das Eisenhiittenwesen, 1936, vol. 10, Oct., pp. 161-163). By means 
of tests the author has determined that the size of the recrystallised 
grain produced in soft mild steel by hot deformation below the 
a—y transformation depends upon the size of the initial grain. 
The opinion formed by H. Hanemann, W. Tafel, and A. Schneider, 
according to which the size of the ferrite grain present in the final 
state depends only upon the deformation and the temperature 
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during the last working stage, must be limited to hot deformation 
within the y range. This limitation could also be shown to agree 
better with the results obtained by successions of passes below the 
a~—y transformation (rolling of thin sheets, &c.). 

Preferred Orientations in Hot-Rolled Low-Carbon Steel. M. 
Gensamer and P. A. Vukmanic. (American Institute of Mining 
and Metallurgical Engineers, 1936, Technical Publication No. 749: 
Metals Technology, 1936, vol. 3, Sept.). The authors show that 
mild steel rolled at 780° C. exhibits well-developed preferred orienta- 
tions, while mild steel rolled at 910° C. exhibits a much less well 
developed texture. The texture developed at 780° C. closely 
resembles the texture developed by cold-rolling. This texture has 
been described by a stereographic pole figure. 

The Artificial Production of Metallic Nuclei in Solidifying Metallic 
Melts. E. Scheil. (Zeitschrift fiir Metallkunde, 1936, vol. 28, 
Aug., pp. 228-229). The refinement of the crystal grain of an 
ingot can be effected by adding wires of the same material to the 
already solidifying melt. An optimum relation exists between the 
number and the dimensions of the wires and the dimensions of the 
ingot. Thinner or thicker wires have a considerably smaller effect. 

A Study of an Industrial Application of the Martensitic Trans- 
formation of Austenitic Iron. G. R. Delbart. (Transactions of 
the American Foundrymen’s Association, 1935, vol. 43, pp. 573- 
580). This paper discusses data on an austenitic iron which can 
be hardened by low-temperature annealing which gives it a mar- 
tensitic structure. The iron contained approximately 3-75°% Mn 
and 65% Ni. The mechanical properties varied with the tem- 
perature of the anneal. With an annealing temperature of 1112° F., 
the Brinell hardness was 418. This hardness figure was lowered as 
the temperature of the anneal was raised beyond 1112°. Tensile 
strengths were approximately 29,000 lb. per sq. in. in the “ as-cast ”’ 
condition, but on annealing at 1112° F. this was increased to 
approximately 46,000 lb. per sq. in. Light castings, such as steam 
engine valves, have been produced in this iron, but from data 
obtained it is quite evident the shock resistance of this martensitic 
iron is inferior to that of pearlite cast iron and consequently 
this material is better fitted for use in heavy castings where there is 
no risk of shock. 

X-Ray Methods for Ternary Systems. A. G. H. Andersen and 
E. R. Jette. (Transactions of the American Society for Metals, 
1936, vol. 24, Sept., pp. 519-540). While the fundamental principles 
which are applied in studying the constitutions of ternary systems 
by X-ray methods are the same as for the binary systems, ternary 
systems involve a number of complexities which must be under- 
stood if investigations of such systems are to be performed efficiently. 
In particular, the methods of interpolation and extrapolation of 
lattice-constant measurements as functions of composition differ in 
important ways from those used in binary systems. In this article 
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the authors discuss the underlying theory of the use of X-ray 
methods for studying ternary systems and describe the methods 
which they have already employed in their recently published 
investigation of the iron-chromium-silicon phase diagram (see 
Journ. I. and S. I., 1936, No. II., p. 2364). 

The Fe-Cr Alloy System: The Brittle, Non-Magnetic Phase. 
E. R. Jette and F. Foote. (Metals and Alloys, 1936, vol. 7, Aug., pp. 
207-210). The authors have found a phase of very complicated 
structure, the = phase, to exist in the neighbourhood of the 
composition FeCr in binary alloys of a high degree of purity, thus 
confirming the results of Eriksson and of Wever and Jellinghaus, 
but disagreeing with those of Adcock. Three factors which can 
influence the transformation rate are discussed in the light of 
experimental results: (1) A possible stabilising effect of silicon on 
the = phase, which would imply that this phase does not exist 
in the absence of silicon or some other element with similar influence ; 
(2) an accelerating effect by silicon; and (3) an accelerating effect 
produced by cold-work. Experimental evidence is adduced to 
show that both (2) and (3) are important factors in the ternary 
Fe-Cr-Si alloys, but it is concluded that the difference between the 
present results and those of Adcock on the binary system are due 
mostly to the third factor. The transformation temperature of an 
alloy with 50-6 atomic per cent. Fe is between 775° and 800° C., and 
the transformation is strictly reversible. The true transformation 
temperature probably lies between these limits. 

Examination of Iron-Nickel Alloys with Cubic Crystal Structure. 
G. Wassermann. (Zeitschrift fiir Metallkunde, 1936, vol. 28, 
Sept., pp. 262-265). The author has determined the connection 
between the tensile strength and elongation and the position of 
the specimens in the sheet in the case of iron-nickel sheets with a 
cubic crystal structure. The differences found are very consider- 
able, and are further dependent upon the nickel content, in that 
the strength and the differences in strength increase in the same 
sheet as the nickel content increases. The opposite takes place as 
regards the elongation. In the case of sheets containing 60 and 
80% of nickel crystallisation in groups was observed, which led to 
regularly orientated crystals bounded by straight lines. The 
connection of the orientation with the cubic crystals was determined 
(spinel “‘twins”’). The crystals formed by group crystallisation 
in sheets containing 30 and 40% of nickel have an entirely different 
orientation. X-ray measurements showed that deformation of 
the sheets with cubic crystal structure leads to the crystallographi- 
cally equivalent lattice planes of the atomic lattice being no longer 
equal as regards the distance between the lattice planes and the width 
of the X-ray lines. The deformation thus leads to a distortion of 
the lattice in the sense of a deviation from cubic symmetry. The 
distortion is apparently the cause of the magnetic anisotropy 
present in the sheets. 
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Fourth Report of the Corrosion Committee. (Iron and Steel 
Institute, 1936, Special Report No. 13). Section B of this Report 
is devoted to a discussion of various problems bearing on the cor- 
rosion of iron and steel in the light of the Committee’s experimental 
results and of available knowledge. 

Section C consists of an account by J. C. Hudson of the progress 
of the Committee’s field tests on atmospheric corrosion. There are 
now three series of materials under test, including ordinary mild 
steel, two copper-bearing mild steels, ingot iron, and various wrought 
irons, together with several low-alloy high-tensile structural steels. 
Quantitative results are now available for the corrosion of unpainted 
specimens exposed for up to five years at several of the Committee’s 
fourteen corrosion stations, and observations on painted specimens 
of the various materials are also reported. In general, the data 
indicate what are to be taken as the normal rates of corrosion of 
ordinary ferrous metals when freely exposed to the atmosphere in 
various parts of the world, and they also bring out certain differences 
in the behaviour of the individual materials, in both the unpainted 
and painted conditions. 

Section D deals with the Committee’s investigations of marine 
corrosion, which have been considerably extended since the publica- 
tion of the last Report. Further observations on the steel plates built 
into the barge ‘“‘ Cactus’ are reported by J. C. Hudson and T. A. 
Banfield. These confirm that, in a craft of this type, variations in 
the surface condition of the plates are of less significance in determin- 
ing corrosion than mechanical damage arising fortuitously as a 
result of the conditions of service. With this limitation, there is 
evidence that plates painted with white lead while still hot at the 
mill show to advantage, and this may possibly be the case also for 
sandblasted, as compared with weathered, plates. 

The same investigators also present a Report on the preparation 
and fabrication of 28 plates built into H.M.S. “ Basset,” together 
with observations of their behaviour in service. The surface con- 
ditions of the plates prior to the initial painting was varied, and there 
is evidence that plates painted with white lead at the rolling-mill 
while still hot have behaved rather better than those in various 
other conditions. 

Preliminary corrosion tests on specimens immersed in sea-water 
at Gosport are also reported. The results show that the corrosion 
rate varies with the depth of immersion. Moreover, on the as-rolled 
specimens the attack was limited to about 15% of the total area, 
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with the result that the rate of corrosion in these areas was high, 
being equivalent to 0-046 in. per annum. 

Particulars are also given of the results of inspections of Q.S.S. 
*‘ Mauretania ”’ on demolition after 28 years’ service, the oil-tanker 
8.S. “ Pass of Melfort ” and H.M.S. “ Niger.” 

An examination of a steel pontoon by R. H. Myers and T. A. 
Banfield after nearly 3 years in service at Gosport revealed that 
corrosion had caused little appreciable deterioration. The plates 
had been pickled, and the pontoon given two coats of tar before 
being put into service ; this may be regarded as satisfactory practice. 

Section E includes those papers reporting work carried out by 
or submitted to the Laboratory Research Sub-Committee. The 
first of these is by W. H. Hatfield, H. T. Shirley, T. Swinden, W. W. 
Stevenson, J. C. Hudson, and T. A. Banfield describing subsidiary 
corrosion tests on low-alloy structural steels. The results of labor- 
atory corrosion tests by the intermittent-spray method conducted 
in three different laboratories on eight structural steels, chiefly of the 
high-tensile semi-alloy type, have proved disappointing, and have 
shown that this type of test, as at present used, does not give a 
satisfactory indication of the relative resistance of different steels 
to atmospheric corrosion. Better, though still imperfect, correlation 
was observed between short-period atmospheric field tests extending 
over 4 weeks and similar long-period tests lasting for a year. In the 
latter, the orders of merit deduced by the three laboratories were in 
excellent agreement, and the results show that the presence of 1% 
of chromium in mild steel increases its resistance to atmospheric 
corrosion, but probably not to quite the same extent as the addition 
of asmall percentage of copper. The effects of chromium and copper 
are supplementary but not additive, i.e., whilst copper-chromium 
steels are more resistant to atmospheric corrosion than ordinary 
copper steels, the difference in the behaviour of these two types of 
steel is not so pronounced as that between copper-bearing and ordin- 
ary steel. Experiments on specimens exposed with rolling scales 
resulting from different rolling procedures are described. The roll- 
ing procedure was found to affect the rate at which the specimens 
rusted, and the actual losses in weight observed after a year’s 
exposure, although its effect on the latter was not very pronounced. 

Atmospheric rusting and descaling of steel are dealt with by 
R.S. Thornhill and U. R. Evans. To test the assumption, which has 
sometimes been made, that the rust-covered area on steel exposed 
outdoors represents the area from which scale has become detached, 
the various areas were measured on specimens exposed for different 
periods. It was found that the rust-covered area was much larger 
than that over which the scale had become modified, and very much 
larger than that over which it had become detached. Different 
series exposed on different dates lost scale at different rates and by 
two different modes of descaling (‘‘ peeling” and “ wart-pro- 
duction ’’). 
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A note on the relative efficiency of restrainers in the pickling 
of carbon steels is presented by T. Swinden and W. W. Stevenson. 
In the present study, experiments were carried out to determine (a) 
the relative efficiency of restrainers in new baths containing two 
different concentrations of sulphuric acid, (b) the relative life of 
restrainers in sulphuric acid pickling, and (c) the value of restrainers 
in hydrochloric acid pickling. The specimens used were cut from 
a coil of hot-rolled strip. Seven proprietary restrainers and two 
products of coal-tar distillation were employed as inhibitors. The 
results obtained indicate the necessity for efficient restraining in 
pickling with hot sulphuric acid, and that the “life” of the 
restrainers requires consideration. In the case of pickling with 
cold hydrochloric acid, the rate of attack on the metal is very small 
in the absence of any restrainer; however, certain restrainers are 
capable of reducing this slow rate almost to zero. 

Subsidiary Field Tests at Birmingham and Farnborough on 
painted and unpainted specimens are reported by J. C. Hudson. 
At Birmingham, after four years’ exposure, all the specimens that 
were painted over a pickled surface are, apart from slight discolora- 
tion of the paint in some cases, in perfect condition, irrespective 
of the type of paint applied; they are markedly superior to specimens 
painted over a weathered surface. The results also illustrate the 
benefit of using a paint of an inhibitive type as primer, and show 
that some advantage has accrued by washing and/or heating 
weathered surfaces prior to painting. At Farnborough the painted 
specimens are still in reasonably good condition after five years’ 
exposure, and there is little to choose between specimens painted 
in the ground or in the pickled conditions, whether with or without 
a short exposure to the weather. Painted specimens of austenitic 
chromium-nickel steel are, however, in better condition than those 
of ordinary ferrous materials, amongst which painted specimens 
of wrought iron are rather better than those of the other. In tests 
on unpainted ground specimens at Birmingham, austenitic 18/8 
chromium-nickel steel was practically unaffected after five years’ 
exposure. Staffordshire wrought iron, rail steel, and two copper- 
bearing steels containing Cu 0:2 and 0-5%, respectively, had all 
lost about 20% less weight than ordinary mild steel, which had 
corroded at an average rate of 00013 in. per annum. Ingot iron 
was 25% more corroded than mild steel. The results of the tests 
on unpainted specimens at Farnborough are in quantitative agree- 
ment with those at Birmingham, with the exception of those for 
the wrought iron, which, whilst still superior to the ordinary mild 
steel, suffered relatively rather more corrosion at the former station. 

Further results of the tests undertaken in various laboratories 
on the changes in the mechanical properties of hard-drawn steel 
wire on ageing are reported by J. C. Hudson. Determinations 
of the breaking load of hard-drawn mild-steel wire, made in six 
different laboratories, showed that the average value had increased 











a NS 


524 CORROSION OF IRON AND STEEL. 


on ageing for two years, in the case of both 3} and 10 S.W.G. wires. 
The results of determinations of the percentage elongation were 
less definite, and showed no appreciable change between one and 
two years, although the value for the 3} S.W.G. wire has probably 
decreased since the tests commenced. 

Further work effected at Teddington on the design of laboratory 
corrosion tests is described by G. D. Bengough and F. Wormwell. 
The paper describes standard corrosion tests in stagnant or slowly- 
moving neutral salt solutions under atmospheric and higher pressures 
of oxygen and air. It is suggested that a system of standard 
tests should be devised in order to characterise materials, and to 
make possible comparisons between the results of different investig- 
ators. The objects of, and the conditions necessary for, standard 
tests are discussed in detail, and the nature of the corrosion/time 
curves obtained in such tests is described. It is shown that experi- 
ments in stagnant solutions under high pressures of oxygen give 
corrosion/time curves similar in form and slope to those obtained 
in slowly-moving solutions at ordinary atmospheric pressure. It 
is, therefore, possible to carry out experiments under strictly- 
controlled conditions at high pressures which will give corrosion 
rates as high as, or higher than, those found in practice in slowly- 
moving waters. Such tests at high pressure are useful accelerated 
tests. Taking as a basis the corrosion rates in stagnant solutions 
in vessels 4-4 cm. in dia., the high-pressure tests accelerate corrosion 
53 times in N/2 NaCl at 5 atm. of oxygen in vessels 9-4 cm. in dia., 
29 times in Teddington tap-water at 5 atm. oxygen in vessels 
4-4 cm. in dia., but only 5-6 times in natural sea-water at 5 atm. 
oxygen in vessels 4-4 cm. in dia. The last result is in line with pre- 
vious work, which has shown that the corrosion rate of mild steel 
in sea-water is increased only slowly by large increases in the rate of 
oxygen supply. Measurements have been made of the rate of 
maximum penetration of corrosion into the metal, and these show 
accelerations with increased pressures of an order similar to the ob- 
served increases of corrosion rates. 

In Section F an outline is given of the proposed investigations 
of the Sub-Committee on Protective Coatings. 

Section G consists of a summary of Memoranda and other 
information submitted to the Committee. Details are given of some 
industrial tests which show that, after a period of eight years’ 
exposure to the atmosphere, copper-bearing steel plates had lost 
from 40 to 50% less in weight than ordinary ones. As regards the 
effect of copper in steel on its corrosion rate, data furnished by the 
Great Western Railway tend to show that, whilst its presence in steel 
rails is definitely advantageous in reducing wastage when they are 
laid in the open, its effect is by no means so pronounced in tunnel 
atmospheres. Examples of corrosion occurring in a beet sugar 
factory and on railings exposed to sea action, respectively, are also 
described. 
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Is Corrosion Testing Ripe for Standardisation? 0. Bauer. 
(Mitteilungen der deutschen Materialpriifungsanstalten,1936, Sonder- 
heft 28, pp. 55-59). (See Journ. I. and S. I., 1936, No. I., p. 2414.) 

Organic Inhibitors of Corrosion: Aromatic Amines. ©. A. 
Mann, B. E. Lauer, and C. T. Hultin. (Industrial and Engineering 
Chemistry, 1936, vol. 28, Sept., pp. 1048-1051). The aromatic 
amines form salts with corroding acids that ionise to give positive 
inhibitor ions, which form a protecting layer by being adsorbed 
by the cathodic areas of the metal surface. The greater the cross- 
sectional area of the inhibitor ion taken parallel to the metal sur- 
face, the better is the inhibiting value. Any radical, combination of 
radicals, group, or structure of a compound which causes the ring 
or rings of these aromatic amines to be inclined from the perpen- 
dicular to the metal surface, which seems to be normal to anilines, 
will be responsible for greater cross-sectional area and will result in 
increased inhibiting value. Symmetrical dimethylanilines are less 
effective corrosion inhibitors than the unbalanced ones. Dimethyl- 
aniline, in which the two methyl groups are attached to the nitrogen, 
is the best of the dialkyl-substituted anilines. The configuration of 
the inhibitor ion determines the closeness of the packing of the ions in 
the covering layer and the penetrability of the film to hydrogen ions. 
Less porosity of the film means greater inhibiting value. 

The Atmospheric Corrosion of Iron. G.Schikorr. (Mitteilungen 
der deutschen Materialpriifungsanstalten, 1936, Sonderheft 28, 
pp. 27-33: Zeitschrift fiir Elektrochemie, 1936, vol. 42, p. 107). 
(See Journ. I. and S. I., 1936, No. II., p. 2724.) 

Corrosion in Relation to Engineering Structures. J. Aston. 
(Symposium on the Structural Application of Steel and Light- 
Weight Alloys: Proceedings of the American Society of Civil 
Engineers, 1936, vol. 62, Oct., pp. 1239-1249). The author dis- 
cusses the fundamental mechanism of corrosion in order thus to 
arrive at a more adequate balancing of the many variables which 
are presented by the multiplicity of service conditions. This dis- 
cussion of the fundamentals is then interlinked with an appraisal 
of materials and protective measures which have a bearing upon 
prolonging the life of structures by combating the ravages of 
corrosion. 

Corrosion of Metals by Water and Carbon Dioxide under Pres- 
sure. F. H. Rhodes and J. M. Clark, jun. (Industrial and 
Engineering Chemistry, 1936, vol. 28, Sept., pp. 1078-1079). The 
rate of corrosion of carbon steel by water and carbon dioxide 
increases rapidly as the pressure is raised to about 300 lb. per 
sq. in. Further increase in pressure of the carbon dioxide to 
450 lb. per sq. in. has little effect on the rate of corrosion. Most 
non-ferrous metals are corroded less rapidly than steel. Stain- 
less steel is practically unattacked. These results were obtained by 
the authors with practically pure carbon dioxide and quiescent 
solutions. In any attempt to predict from their data the amount 
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of corrosion under conditions other than those of the experiment, 
the effects of the agitation and of the presence of foreign gases must 
be considered. 

The Cause and Prevention of Steam Turbine Blade Deposits. 
F. G. Straub. (Illinois University, Engineering Experiment 
Station, 1936. Bulletin No. 282). The purpose of the present investi- 
gation was to assemble data relative to the occurrence of solid deposits 
which foul steam turbine blades, in order thus to determine the 
cause of the difficulty and to devise methods of preventing it. A 
summary of conclusions drawn from the results of this work is as 
follows: (1) The basic material causing the fouling of turbine 
blades is sodium hydroxide. (2) Certain inorganic salts, such as 
sulphates, chlorides, and carbonates, if present in sufficient amounts, 
will prevent this fouling. (3) Certain organic salts, such as pyro- 
gallol, sodium benzoate, and sodium gallate, if present in sufficient 
amounts, will also prevent this fouling. 

Low-Copper Steels and their Corrosion-Resistance. U. Gor- 
denne. (Revue Universelle des Mines, 1936, vol. 12, Sept., pp. 
365-368). The author has undertaken a series of corrosion tests 
on ave steel, the results of which are tabulated in the present 
article. 

Corrosion Resistance of Ancient Iron. A. W. Simpson and 
F. N. Speller. (Metals and Alloys, 1936, vol. 7, Aug., pp. 199-203). 
An investigation is described, which was designed to determine 
the comparative corrosion resistance of ancient iron articles dug 
up at Dura-Europos on the Euphrates River, and dating from the 
time of Alexander the Great, and modern ferrous materials, wrought 
iron and steel. No definite differences in the corrodibility of the 
ancient iron and modern materials were found. 

The Corrosion-Fatigue of Wire Rope. H. Altpeter. (Gliickauf, 
1936, vol. 72, Oct. 3, pp. 1009-1010). The author reviews the 
existing knowledge of corrosion-fatigue and the results of fatigue 
tests on wire ropes. 

ic Measurement of the Corrosiveness of Soils. I. A. 
Denison. (Journal of Research of the National Bureau of Stan- 
dards, 1936, vol. 17, Sept., pp. 363-387). The electrolytic behaviour 
of steel in contact with 47 soils of known corrosiveness was studied 
by means of a cell in which both electrodes were steel and the 
electrolyte was moist soil. By providing differential aeration of 
the electrodes the cell was enabled to develop its own electromotive 
force. Measurements were made of the voltage, current, and 
resistance of such cells. The relation between the current density 
and an applied voltage was also studied. The losses in weight of the 
test specimens were related to the average current dtnsity over a 
certain range of applied voltage and to the total quantity of elec- 
tricity produced in the corrosion process. The corrosion of the 
specimens in the laboratory tests was correlated with corrosion 
experienced in long-time field tests. The results of the tests may 
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be applied practically in predicting the corrosiveness of soils toward 
iron and steel. However, they cannot be applied to the prediction 
of leaks or to the estimation of the useful life of a section of pipe 
line until the relations connecting depth of pitting with exposed 
area and time can be established. 

Contact Effects of Glass and Platinum on the Dissolution of 
Iron and Steel in Nitric Acid of Various Concentrations. H. Endo 
and H. Kawase. (Kinzoku No Kenkyu, 1936, vol. 13, Sept. 20, 
pp. 370-881). The contact effects of glass and platinum wire on 
the dissolution of iron and steel in nitric acid were studied. The 
deformation in shape of iron due to the contact of glass and platinum 
wire was also observed in dilute solutions of less than 45%, when 
iron was immersed in them for a long period. When a small glass 
plate was placed closely in contact with the surface of an iron 
plate, the contact plane remained in its original condition. The 
elucidation of these phenomena is also provided by the fact that 
chemical, physical and mechanical actions are needed to remove 
the liquid film of the complex salt [Fe(NO)|(NO.), formed on the 
surface of the iron dissolving into the acid. (In Japanese.) 
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Geology and Mineral Deposits at the Mine of B.C. Nickel Mines, 
Limited, Yale District, B.C. H.C. Horwood. (Canada, Geological 
Survey, 1936, Memoir 190). 

Mineral Deposits in Renfrew County and Vicinity. B.C. Freeman. 
(Canada, Geological Survey, 1936, Memoir 195). 

The Iron Ore Mines of the Gutehoffnungshiitte in South-west 
Germany. Naumann. (Mitteilungen aus den Forschungsan- 
stalten des Gutehoffnungshiittekonzerns, 1936, vol. 4, pp. 187-197 : 
Stahl und Eisen, 1936, vol. 56, Nov. 26, pp. 1437-1440). The 
geology, winning and preparation of the ores from the Gutehoffnungs- 
hiitte Company’s mines in South-west Germany are described. 

The Book Cliffs Coalfield in Emery and Grand Counties, Utah. 
D. J. Fisher. (United States Geological Survey, 1936, Bulletin 
No. 852). The Utah portion of the Book Cliffs coalfield is divided 
into two parts by the Green River, the area to the west constituting 
the Sunnyside district, which contains coal of the age of the type 
Mesaverde, and that to the east the Thompson district, which con- 
tains coal of the Fruitland age. All the coal is bituminous, but that 
in the eastern part is of somewhat lower rank than that in the 
western part. The quantity of workable coal is estimated at 
500 million tons. 

Geology and Fuel Resources of the Southern Part of the San Juan 
Basin, New Mexico. Part II. The Mount Taylor Coalfield. C. B. 
Hunt. (United States Geological Survey, 1936, Bulletin No. 
860 B). The coal-beds of the Mount Taylor field are about 15 in. 
in thickness, although there are some as much as 6 ft. thick. The 
coal is of sub-bituminous rank. 

The Natural Deposits of Vanadium. F. Hermann. (Metallwirt- 
schaft, 1936, vol. 15, Oct. 23, pp. 1007-1015). The article provides 
a detailed review of the natural vanadium deposits throughout the 
world. An extensive bibliography is provided. 
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REFRACTORY MATERIALS 





(Continued from pp. 1 A-3 A) 


Recent American Work on Refractory Materials used in the Iron 
and Steel Industries. A.B.Searle. (Iron and Steel Industry, 1936, 
vol. 10, Oct., pp. 118-119). A survey of published information. 

Recent Developments in the Production of Refractories Containing 
Magnesia. L. Litinsky. (Iron and Steel Industry, 1936, vol. 9, 
Aug., pp. 462-466; Sept., pp. 495-499; vol. 10, Oct., pp. 
101-105). This paper deals briefly with the general chemistry, 
technology, properties, applications and behaviour of magnesite 
bricks, and goes on to discuss fully the present tendencies in the 
development of refractory materials containing magnesia and to 
describe a number of the more recent products. 

27th Report of the Refractory Materials Joint Committee. 
(Institution of Gas Engineers, 1936, Communication No. 143). 
This report presents the results of investigations on the effects of 
methane and coal gas on refractory materials, the behaviour of 
cement joints under tension and compression, the permeability of 
some fired cement joints, the action of potassium chloride vapour 
on refractory materials at 1000° C., the action of the vapour from a 
potash silica glass on refractory materials at 1200° C., the refractori- 
ness-under-load test, the behaviour of silica mixes on being pressed, 
and the heat balance and performance of a muffle-kiln furnace fired 
by town gas. 

Mullite Development in Super-Duty Fireclay Brick. F. A. 
Harvey and R. E. Birch. (Journal of the American Ceramic 
Society, 1936, vol. 19, Nov., pp. 322-327). The authors have studied 
the effect of firing on the mullite content of fireclay brick. It is 
concluded that firing to temperatures higher than cone 11 increases 
the size of the mullite crystals, but probably not the total amount 
of mullite present. 

The Use and Care of Crucibles. H.N. Bassett. (Foundry Trade 
Journal, 1936, vol. 55, Oct. 29, pp. 339-340). The author discusses 
the use and care of crucibles in relation to their cost, which may be 
an appreciable item in the cost of the finished castings. It is pointed 
out that crucibles should never be stored in a core oven, as they will 
take up moisture expelled from the core, so that they will begin to 
spall or crack as soon as they are putin the furnace. The preheating 
of crucibles is recommended. Other points considered are fluxing, 
the first heat, furnace tools, drying time and choice of fuel. In 
connection with the latter, the author advises the use of coke with a 
high shatter index (to support the crucible full of metal without 
letting it down too far into the furnace) and with an ash of 
high fusion point (to prevent slagging on the sides of the crucible). 
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(Continued from pp. 4 4-5 A) 


Design of Heating Surfaces from the Point of View of the Tech- 
nology of Flow. W. Otte. (Wiarme, 1936, vol. 59, No. 10, p. 179: 
Zeitschrift des Vereines deutscher Ingeniecure, 1936, vol. 80, Nov. 14, 
pp. 1890-1391). The author discusses the design of the tubes and 
their arrangement in waste-gas-heated feed-water heaters. An 
illustration shows a section through a preheater with staggered oval- 
sectioned ribbed tubes, with short prismatic ribs thickened at the 
middle. 

Recuperators for Industrial Furnaces. W. Trinks. (Industrial 
Heating, 1936, vol. 3, Oct., pp. 637-638). In this article the author 
discusses the economic importance of installing recuperators in 
conjunction with industrial furnaces, offers suggestions regarding 
the position of recuperators, and points out the importance of using 
proper burner equipment in order to obtain the maximum benefits 
from recuperation. 

Classification Chart of Typical Coals of the United States. A. C. 
Fieldner, W. A. Selvig and W. K. Frederic. (Fuel in Science and 
Practice, 1936, vol. 15, Oct., pp. 291-295). The authors present 
a basic scheme of classification of some typical American coals 
according to their fixed carbon content and calorific value (expressed 
in B.Th.U.) calculated on the mineral-matter-free basis. The higher 
rank coals are classified according to the fixed carbon content on 
the dry basis, and the lower rank coals according to B.Th.U. on 
the moist basis, that is, containing its natural bed moisture, but free 
from visible surface moisture. Agglutinating and weathering indices 
are used to differentiate between certain adjacent groups. 

Results Obtained by Chromic-Sulphuric Acid Etching of Illinois 
Coal. W.S. McCabe. (Fuel in Science and Practice, 1936, vol. 15, 
Oct., pp. 296-297). The paper gives some of the results of the use 
of the etching method in studying a complete column of Illinois 
coal. Seyler’s method with some modifications was used in this 
study and is described. 

The Pneumatic Coal-Cleaning Plant at the Beeringen Collieries. 
(Colliery Guardian, 1936, vol. 153, Oct. 16, pp. 707-709). A 
description is given of the new Laurent pneumatic coal-cleaning 
plant installed at the Beeringen Collieries. Five Meunier pneumatic 
cleaners have been installed, together with a Laurent hydro- 
extractor. % 

New Coking and By-Product Plant in Cumberland. (Coal 
Carbonisation, Supplement to Colliery Engineering, 1936, Oct., 
pp. 179-185; Nov., pp. 197-204). A detailed illustrated account is 
given of the new installation of Becker coke-ovens and by-product 
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recovery plant at the Derwent Works of the Workington Iron and 
Steel Co., Ltd. (See Journ. I. and 8.1., 1936, No. II., p. 245 a). 

Australian Iron and Steel, Ltd. (B.H.P. Review, 1936, vol. 13, 
Aug., pp. 4-7). The Otto-Wilputte coke-ovens and the by-product 
plant at the Port Kembla Works of Australian Iron and Steel, Ltd., 
are described and illustrated. 

A Few Notes on Low-Temperature Carbonisation. P. A. Schwarz. 
(Coke Oven Managers’ Association: Gas World, 1936, vol. 105, 
Nov. 7, Coking Section, pp. 17-18). The author describes the 
production of smokeless fuel by the low-temperature carbonisation 
of coal and pulverised breeze in Otto waste-heat ovens. 

The Lurgi Process for Complete Gasification of Coal with Oxygen 
under Pressure. H.C. Millett. (Journal of the Institute of Fuel, 
1936, vol. 10, Oct., pp. 15-21). The process of complete gasification 
with oxygen under pressure has been developed as the result of 
investigations by the Lurgi Gesellschaft fiir Warmetechnik m.b.H., 
Frankfurt, into the possibility of producing town gas from lignite. 
The process is described in detail, and it is shown that, by effecting 
the gasification of lignite with oxygen and steam under pressures of 
20 to 30 atm., it is possible to obtain a gas which is comparable 
with town gas in specific gravity, composition and calorific value. 
The Lurgi process appears to be particularly suitable for the pro- 
duction of gas in large centralised units, preferably at places where 
cheap fuel is available. 

The Effective Discharge Potential of the Cottrell Precipitator. 
C. G. Fink and J. J. Schreurs. (Electrochemical Society, 1936, 
Oct., Preprint 70-5). The effect on the potential of a small Cottrell 
precipitator upon coating the cathode or central electrode with 
various salts was investigated. Lithium and barium salts were 
found to lower appreciably the potential necessary to obtain almost 
complete precipitation of dust. 

The Influence of the Degree of Occupation on the Blast-Furnace- 
Gas Balance of a Siderurgical Works. M. Steffes and R. Welter. 
(Revue Technique Luxembourgeoise, 1936, vol. 28, Sept.—Oct., 
pp. 87-91). The authors are concerned with the influence exerted 
on the blast-furnace-gas balance in a composite works by the fact 
that the works is, or is not, working to capacity. The present paper is 
a study of the gas balance as a function of the “ rhythm ”’ of fabrica- 
tion. Starting from statistics, it is possible to establish simple laws 
of variation, by means of which it is possible to indicate the amount 
of excess or deficiency of gas corresponding to a given rate of 
production. 

Coal as a Source of Liquid Fuel. R. Lessing. (Journal of the 
Institute of Fuel, 1936, vol. 10, Oct., pp. 40-42). (See Journ. I. 
and §.I., 1936, No. II., p. 193 4). 

Liquid Fuel from Coal Obtained by Low-Temperature Carbonisa- 
tion. W.A. Bristow. (Journal of the Institute of Fuel, 1936, vol. 
10, Oct., pp. 43-47). (See Journ..I. and 8.1., 1936, No. II, p. 194 a). 
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FOUNDRY PRACTICE 





(Continued from pp. 7 a—12 a) 


The German Foundry Exhibition. (Engineer, 1936, vol. 162, 
Nov. 6, pp. 483-486). Various types of foundry equipment 
exhibited at the Sixth German Foundry Exhibition, held in Diissel- 
dorf in Sept. 1936, are illustrated and described. Machines for the 
cleaning of castings, pressure die-casting machines, sand sifters and 
slingers, moulding machines, core-making machines and melting 
furnaces are illustrated. 

Modern Pig Iron and the Iron Founder. R.C.Tucker. (Sheffield 
Trade Technical Societies : Iron and Steel Industry, 1936, vol. 10, 
Oct., pp. 111-115). The author surveys the desirable and un- 
desirable qualities of pig iron intended for foundry purposes, and 
shows how difficulties can be overcome by suitable blending and 
melting practice. 

The Application of Science to the Control of Foundry Sands. 
H. H. Shepherd. (Foundry Trade Journal, 1936, vol. 55, Oct. 29, 
pp. 333-337). The author describes the vibratory test for foundry 
sand, the method of determining moisture and the mechanical 
analysis. The importance of the practical scientific control of core 
sand and sand mixtures is stressed as being equal to the control of 
the metal. 

Present State of Control Tests on Moulding Sands. W. G. 
Reichert. (Seventh International Congress on Mining, Metallurgy 
and Applied Geology, Paris, Oct. 20-26, 1935: Revue de Métal- 
lurgie, Mémoires, 1936, vol. 33, Sept., pp. 529-542). See Journ. 
I. and S. I., 1936, No. II., p. 151a. 

Contribution on the Evaluation of the Bonding Material in 
Moulding Sand. E. Schneider and M. Paschke. (Giesserei, 1936, 
vol. 23, Oct. 23, pp. 572-579).—The authors describe a new method 
of testing the quality of the bonding material in moulding sand. 
In their experiments on several sands, the bond was leached out 
with boiling water; the solution was decanted and evaporated, and 
the residue was dried and ground. Synthetic moulding sands were 
then made with this material mixed with quartz sand in varying 
proportions; the test results obtained with these mixtures are 
recorded. It is pointed out, however, that, owing to the experi- 
mental conditions, the tests apply only to the special case of the 
particular sand used, and generalisations should not be made. 

Runners and Risers on Small Steel Multiple Castings. H. T. 
Langley. (Foundry Trade Journal, 1936, vol. 55, Oct. 29, pp. 329- 
330). The author considers the difficulties which cause trouble’ in 
the steel foundry, and discusses the positioning of runners and risers 
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to overcome contraction of steel castings. Feeding difficulties in 
connection with the obtaining of clean castings are considered. 

Welding versus Casting. M. Russell. (Institute of British 
Foundrymen: Foundry Trade Journal, 1936, vol. 55, Nov. 5, 
pp. 351-353). The author emphasises the importance of improving 
foundry technique in the design and production of castings in order 
to meet the growing competition from the welding industry. A 
number of examples are given illustrating how improvements can 
be effected in the design of castings. 

The Production of Spun Cast Cylinder Liners. (Machinery, 1936, 
vol. 49, Nov. 5, pp. 153-157). An illustrated account is given of 
the methods and equipment employed by James & Co. (Birming- 
ham), Ltd., Halesowen, for the production of spun-cast liners and 
piston-ring pots. In the James spun-cast process the moulds are 
maintained at a temperature between 300° and 350° C., so that 
the castings produced are free from chill and are readily machinable 
in the “ as-cast’ condition. Illustrated particulars are also given 
of the James autographic ring-testing machine for testing the 
materials of which the piston rings and liners are composed. The 
tests are carried out on a gapped ring by pulling it apart by a load 
applied along the diameter at right angles to the gap. 

Founding of Pressure Castings. H. H. Judson. (Foundry, 
1936, vol. 64, Aug., pp. 30-31, 69-70; Sept., pp. 28-30, 79). 
The author describes the foundry of Gould Pumps, Inc., Seneca 
Falls, and the types of iron mixtures used therein. 

The Melting Plant at the Foundry of G. and J. Weir, Limited. 
(Foundry Trade Journal, 1936, vol. 55, Oct. 15, p. 290). A short 
description is given of the cupola plant, the bins for raw material, 
and the charging mechanism at the foundry of Messrs. G. and J. 
Weir, Ltd., of Cathcart, Glasgow. 

The Duration of Solidification in the Casting of Ingot Moulds. 
K. Knehans and N. Berndt. (Technische Mitteilungen Krupp, 
1936, vol. 4, Nov., pp. 194-197). (See Journ. I. and S.I., 1936, 
No. II., p. 200 a). 
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(Continued from pp. 13 a-16 A) 


The Founding of the Kruppsche Gussstahlfabrik on November 20, 
1811. W. Dabritz. (Stahl und Eisen, 1936, vol. 56, Nov. 19, 
pp. 1385-1386). 

Technical and Economic Aspects of the Basic Open-Hearth 
Process in Sweden. G. Helmer. (Jernkontorets Annaler, 1936, 
vol. 120, pp. 523-575: Stahl und Eisen, 1936, vol. 56, Nov. 12, 
pp. 1365-1366). A discussion of the economics of the basic open- 
hearth process in Sweden and of the technical means employed to 
keep the conversion costs as low as possible. 

Production of Soft Unalloyed Steel in the Basic Open-Hearth 
Furnace from Scrap Iron without Special Manganese Addition. 
H. Wilhelm. (Stahl und Eisen, 1936, vol. 56, Nov. 26, pp. 1423- 
1430). The author gives full details regarding the working of 
three experimental heats, in which steel was made from scrap iron 
without the addition of any manganese other than that in the 
scrap; 2-8% of anthracite (carbon, 85%) was added to provide the 
deoxidising agent. Chemical and physical tests, and forging and 
welding experiments on plates and sheets prepared from the heats 
showed that the behaviour of these low-manganese steels in all the 
tests did not differ from that of steels made by normal processes. 
The manganese content averaged about 0-2%. 

The Reactions in the Basic Open-Hearth Furnace. G. Leiber. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1936, vol. 18, No. 10, pp. 135-147). The purpose of the research 
described was the determination of the oxygen content of molten 
basic open-hearth steel. The author first discusses the limits 
between which the oxygen content must lie; the upper limit is 
conditioned by the equilibrium of the oxygen partition between the 
bath and slag, and the lower is set by the equilibrium values of the 
reaction between the carbon and the oxides dissolved in the molten 
steel. He also indicates what conclusions may be drawn from the 
determination of the oxygen content. Details of the experiments 
in question are next given; great importance was attached to the 
impeccability of the sampling, and a vacuum sampling vessel was 
developed. Opportunity also arose for determining again the 
emissivity of molten steel by comparing optical and thermo-electric 
measurements made with tungsten-molybdenum elements. During 
the sampling of the slag, viscosity tests, using Merty’s steeply- 
sloping plane, were made. 

The main tests showed that, so long as the heat boiled, the 
oxygen content of the bath lay very close to the equilibrium between 
the carbon and the oxides dissolved in the molten steel; this opposes 
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the idea that the oxygen content of the steel corresponds to the 
equilibrium of the oxygen partition between the bath and slag. 
The possibility that equilibria may be set up between the bath and 
slag in the strict sense of chemical equilibrium must therefore be 
denied so long as the carbon is reacting vigorously. A closer con- 
nection between the oxygen content and the rate of refining, in the 
sense suggested by H. Schenck, was not observed; rather, the 
behaviour of the manganese at various rates of refining suggests, 
in agreement with the views of F. Kérber and W. Oelsen on the 
decarburisation reaction, that there is an inverse relationship between 
the oxygen content and the rate of decarburisation. 

Rapid Reactions by Slags. R. Perrin. (Bulletin do la Société 
d’Encouragement pour I’ Industrie Nationale, 1936, vol. 135, Aug.— 
Sept., pp. 499-509). The author discusses the reactions between 
metal and slag and their velocities, particularly from the point of 
view of the case where the slag and metal are intimately mixed 
together, as in the Perrin process of steel refining, where these 
velocities attain very high values. 

Salt Coating on Ingot Moulds Tends to Prevent Stickers and Scale. 
(Steel, 1936, vol. 99, Oct. 19, p. 55). A novel method for the removal 
of scale on ingot moulds, and for the prevention of stickers is 
described. It consists in dipping the hot mould into a tank of salt 
brine. 

Elongated (Columnar) Crystals in Stearine Ingots. C. G. Carlsson 
and A. Hultgren. (Jernkontorets Annaler, 1936, vol. 120, pp. 577- 
587). The authors have studied the structures of stearine ingots 
as they appear on sections etched with pure benzol with an addition 
of soluble black aniline dye. In stearine ingots of suitable com- 
position and solidified at a suitable rate, a surface zone of elongated 
crystals is formed similar to the zone of elongated crystals in steel 
ingots, but differing in that the crystal stems and branches are 
curved. The deviation in direction of the stem upwards from the 
normal to the isothermal as found in steel ingots is also found in 
stearine ingots. According to a hypothesis by Phragmén, this 
deviation should be caused by a downward convection current in 
the molten steel in front of the growing crystals. In order to test 
this hypothesis, a series of small stearine ingots was allowed to 
solidify while a continuous stream of molten stearine was flowing 
through the mould, upwards and downwards respectively. In all 
cases it was found that the stems of the elongated crystals deviated 
in a direction opposite to the direction of the stream, the results 
thus supporting Phragmén’s hypothesis. 
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REHEATING FURNACES 





Slab Furnaces at the Ford Plant. J.B. Nealey. (Blast Furnace 
and Steel Plant, 1936, vol. 24, Sept., pp. 783-784). A brief descrip- 
tion of the construction of the furnaces on the strip mill at the 
Dearborn plant of the Ford Motor Company. 

Zone-Fired Slab Reheating Furnaces Eliminate Excessive Scale 
Loss. (Steel, 1936, vol. 99, Sept. 7, p. 69). Two slab heating 
furnaces, which serve the broad strip mill of the Ford Motor Co., 
Dearborn, and which are insulated and encased in steel plates, are 
described briefly. They each have a primary and a secondary 
heating zone. 

The Temperature and Heat Penetration of the Material in a 
Gravity Discharge Furnace. W. Heiligenstaedt. (Archiv fiir das 
Kisenhiittenwesen, 1936, vol. 10, Oct., pp. 131-138). The article 
shows how the temperature of an ingot being heated in a gravity 
discharge furnace can be determined from graphs with the aid of 
the heating period or hearth area efficiency and the surface tempera- 
ture of the ingot. Conversely the period of heating and the surface 
temperature of the ingot may be read from the graph, when a specific 
temperature of the ingot is required. The results have been 
deduced for hard, soft and alloyed steels. 

Atmospheres and Furnaces in the Wire Industry. H. M. Heyn. 
(Wire and Wire Products, 1936, vol. 11, Oct., pp. 507-520). A 
paper dealing with atmospheres and furnaces in the wire industry. 
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FORGING, STAMPING, AND DRAWING 





(Continued from pp. 17 4-18 4) 


The Plastic Working of Metals. (Metal Industry, 1936, vol. 49, 
Nov. 6, pp. 458-460). An abridged translation of a series of articles 
by E. Siebel, in which the author gives an account of the develop- 
ments which have taken place both in the theory and practice of 
plastic deformation. The original articles appeared in Metallwirt- 
schaft, 1935, vol. 14, Nov. 8, pp. 893-897; 1936, vol. 15, Jan. 31, 
pp. 103-107; Mar. 20, pp. 277-279. (See Journ. I. and S.L., 
1936, No. II., p. 21 .) 

Investigations on the Forging Process. H. Houben. (Archiv 
fiir das Eisenhiittenwesen, 1936, vol. 10, Nov., pp. 183-187). In 
cold deformation the relation between the resistance to deformation 
and the deformation itself is approximately reproducible by ex- 
ponential equations. On the basis of this relationship the approxi- 
mate calculation of the forging pressure and the energy of deforma- 
tion may be calculated. The movements of the tup and anvil are 
determined photographically. In this manner the losses arising 
under the hammer during forging can be determined and exact 
values obtained for the resistance to deformation. The method 
described permits a planned investigation of the processes taking 
place during forging, and more especially of the hammer losses and 
the duration of the forging impact. 

Factors Relating to the Production of Drop and Hammer Forgings. 
A. M. Steever. (American Society for Metals, 1936, Oct., Preprint 
No. 7). This paper discusses the various types of equipment used 
for the production of drop and hammer forgings. It touches on 
the importance of die manufacture, maximum forging temperatures, 
finishing temperatures and grain flow. Tables are given showing 
maximum forging temperatures for some types of metals. Curves 
are presented showing the steam consumption of steam hammers 
under varying conditions. Metallurgical factors that must be con- 
sidered and controlled for the production of satisfactory forgings 
are discussed. 

Cold-Heading—Bolts, Rivets, Nails. R. H. Smith. (American 
Society for Metals, 1936, Oct., Preprint No. 10). This paper de- 
scribes modern cold-heading practice. Single- and multi-blow 
heading methods and their limitations are discussed. Recent 
developments in multi-die, single-stroke machines for heading bolts 
and nuts are described. Illustrations show many unusual and 
difficult types of cold-heading work. 

Hot Press and Upset Forgings. J. H. Friedman. (American 
Society for Metals, 1936, Oct., Preprint No. 8). Press forging and 








66 A FORGING, STAMPING, AND DRAWING. 


upset or machine forging are essentially one and the same process. 
While the equipment used is totally different in appearance, the 
press and forging machine perform their work in the same manner, 
i.e. by preliminary or gathering operations and final or finishing 
operations. The principal differences between the two methods is 
that the forging press generally employs solid dies, whereas the 
forging machine uses split dies. Also, the hot stock for the press is 
generally in the form of cut blanks or slugs, while bar stock is used 
in the forging machine. It is true that split dies and bar stock are 
sometimes used in the forging press, and solid dies and cut blanks 
in the forging machine, but such applications are the exception rather 
than the rule. The author describes and illustrates the various 
types of presses and machines in use, and indicates typical applica- 
tions of each. Grain flow of metal and forging temperatures are 
discussed briefly. 

Cold Working of Hollow Cylinders by Auto-Frettage. N. EF. 
Woldman. (American Society for Metals, 1936, Oct., Preprint 
No. 14). This paper deals with the theory and practice of the cold- 
working of monoblock hollow cylinders or tubes by radial expansion 
methods, known as “ auto-frettage.’’ The types and applications 
of equipment and the metallurgical aspects of the process are 
outlined and discussed. 

Cold-Forming Processes—Drawing Rods and Bars. J. E. Beck. 
(American Society for Metals, 1936, Oct., Preprint No. 11). This 
paper deals with the general aspects of the cold-drawing of rods 
and bars of plain carbon steel. Considerable space is devoted to 
a description of the cold-drawing process itself. While processing 
practices differ to some extent, such differences usually exist in the 
details of handling which, while apparently unimportant to the 
casual observer, nevertheless assume great importance in the 
deliberate production of specific results. This is particularly true 
with regard to the control of physical characteristics, machinability, 
finish, size accuracy, uniformity of section and a high degree of 
straightness. 

Some Factors Affecting the Plastic Deformation of Sheet and Strip 
Steel and their Relation to the Deep Drawing Properties. J. Winlock 
and R. W. E. Leiter. (American Society for Metals, 1936, Oct., 
Preprint No. 13). The ductility of sheet and strip for deep-drawing 
purposes is substantially affected by the necessity of cold-rolling the 
steel as a final operation in its manufacture in order to prevent the 
otherwise inherent occurrence of Liiders lines (“‘ stretcher strains ’’) 
during the deep-drawing operation. In addition, such cold-rolling 
increases the susceptibility of the steel to aging. If, however, the 
steel is subjected to exactly the proper amount of coltl-work immedi- 
ately before the deep-drawing operation, stretcher strains do not 
occur and the ductility is not appreciably affected. Some of the 
factors which influence these phenomena, such as methods of steel 
manufacture, grain size, rate of deformation, &c., are described. 
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A Method of Handling Tungsten Carbide Dies Within the Die 
Room. K.R. Beardslee. (Wire and Wire Products, 1936, vol. 11, 
Oct., pp. 553-559). This paper covers a suggested method of 
handling tungsten carbide dies within the die room, and outlines 
economies to be effected through the proper selection of dies together 
with efficient service methods. 

Plastic Deformation in Wire Drawing. B.L. McCarthy. (Wire 
and Wire Products, 1936, vol. 11, Oct., pp. 493-500). This paper 
presents a picture of what occurs when metal is cold-worked, and the 
various factors that interfere with the uniform distribution of cold- 
working strains. While most of the specific examples relate to the 
drawing of steel wire, the same general principles can be applied to 
the non-ferrous metals and alloys from which wire may be drawn. 

Distortion of Steel Wires on Passing Through a Draw Plate. 
H. Quinney. (Engineer, 1936, vol. 162, Nov. 6, pp. 496-497). 
Dead soft mild-steel wire, in the patented condition, was drawn 
through Durex and Widia dies, and the distortions produced were 
compared with those produced in copper wire. In an earlier paper 
by the author and G. I. Taylor (Journal of the Institute of Metals, 
1932, No. II.) it was demonstrated that in the case of copper and 
aluminium the distortions are always clearly parabolic in all stages 
of reduction, but with mild steel a well-defined reflex curvature 
develops. This is well defined in the case of heavy drafts, where a 
wire is reduced in area to one-quarter in three drafts. Curves are 
given showing the distortion in mild steel wire after three-pass and 
six-pass reductions. 
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(Continued from pp. 19 a—20 4) 


Design of Roller Bearings for Rolling Mills. H. Schulz. (Iron 
and Steel Industry, 1936, vol. 9, Aug., pp. 467-470; vol. 10, Oct., 
pp. 106-110). This is a translation into English of an article dealing 
with roller bearings for rolling mills, which appeared in Stahl und 
Eisen, 1935, vol. 55, June 6. (See Journ. I. and S.I., 1935, No. IT., 
p- 402). 

Rolling Round Steel Bars by Hand. H. Cramer. (Stahl und 
Eisen, 1936, vol. 56, Nov. 5, pp. 1338-1342). The importance of the 
hand.rolling process for round high-quality steel bars is demon- 
strated, while both the advantages and drawbacks of the method are 
enumerated. The latter are the buckling of the front end and the 
bending back of the rear end. In order to avoid the latter, it is 
advisable to use a reversing two-high mill or a continuous three-high 
mill with a fixed centre roll and adjustable upper and lower rolls 
for the hand-rolling process. The buckling may be prevented by the 
use of properly positioned guides which are adjustable vertically, 
as also by the provision of a geared coupling in order thus to 
eliminate shocks in the couplings. 

From Slab to Finished Product. (Iron and Steel Industry, 1936, 
vol. 10, Oct., pp. 95-100). An illustrated description is given of the 
new hot-strip mills at the McDonald plant of the Carnegie-Illinois 
Steel Corporation. (See Journ. I. and S.1., 1936, No. II., p. 21 4). 

The Cold Rolling of Mild-Steel Sheets and Strip. A. Hayes and 
R. 8. Burns. (American Society for Metals, 1936, Oct., Preprint 
No. 12). The authors discuss the mechanism of reduction in the 
cold-rolling of sheets and strip and show the effects of both front 
and back tension in the rolling process. Various types of cold- 
rolling mills are dealt with, and the effects of cold-rolling on the 
structure and properties of mild steel are discussed. 

The Cold-Rolling of Strip. H. Hoff. (Zeitschrift des Vereines 
deutscher Ingenieure, 1936, vol. 80, Nov. 14, pp. 1387-1388). After 
mentioning very briefly the various types of cold-rolling mills, the 
author discusses the advantages of rolls of small diameters and the 
deflection of the rolls. 

Proposals for Reducing the Cost of the Electric Drive for Reversing 
Mills. F. Punga. (Stahl und Eisen, 1936, vol. 56, Nov. 19, pp. 
1377-1380). The author discusses the economic advantages and 
disadvantages of Ilgner sets and Ward-Leonard “sets for driving 
reversing mills; he differs from the view of many that the Igner 
set is an essential for such mills, and is of opinion that economies 
can be effected owing to the absence of the heavy fly-wheels. 
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HEAT TREATMENT 





(Continued from pp. 22 a—24 a) 


Notes on Continuous Gas Carburising. R.J.Cowan. (American 
Society for Metals, 1936, Oct., Preprint No. 28). The author 
discusses the effect of gas flow upon the rate of carburisation and on 
case depth and shows that when the rate of gas flow is increased 
it causes a non-uniform carburisation. The use of propane and 
butane as the carburising gas is also discussed. The results of 
experiments, using, in turn, city gas, cracked gas and natural gas 
under various operating conditions, to determine the effect of various 
atmospheric conditions upon the process of continuous gas carburising 
are also presented. 

The Rate of Melting of Iron in Contact with Carbon. G. Tam- 
mann and H. Hartmann. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 10, Nov., pp. 223-224). Ifa small bar of iron is heated while in 
contact with a small bar of carbon, melting sets in at the point of 
contact as soon as the temperature exceeds the eutectic point, 
and the rate of melting increases as the temperature is raised. The 
rate of melting depends on the type of both the iron and the carbon ; 
commercial steels behave differently from steels of the same com- 
position made from electrolytic iron. 

Influence of Aluminium on the Normality of Steel. G. R. 
Brophy and E. R. Parker. (American Society for Metals, 1936, 
Oct., Preprint No. 40). Pure iron-carbon-aluminium alloys con- 
taining 0-001, 0-01, 0-10 and 1-0°% of aluminium were carburised in 
an oxygen-free hydrocarbon atmosphere. The alloys carburised in 
hydrocarbon gas were all normal, regardless of the aluminium 
content, but those carburised in commercial compound were all 
abnormal. The depth of the abnormal layers decreased as the 
aluminium content increased. The suggestion made by McQuaid, 
that small amounts of aluminium, as such, in solution in steel are 
responsible for the production of abnormal structures, is therefore 
untenable. 

The Nitriding of Alloy Tool Steels. V. O. Homerberg. 
(Industrial Heating, 1936, vol. 3, Oct., pp. 631-636). Although the 
commonly used nitriding steels can be treated so as to procure a 
hard surface, the ordinary nitrided steels fail, in many applications, 
because the softness of the core permits sinking in a manner which 
produces cracking of the hard surface. The nitriding of many alloy 
steels so as to obtain a high surface hardness along with satisfactory 
core properties is possible. (~~ sin steels, especially those exhibiting 
secondary hardness, can be u..rided without any appreciable loss in 
core properties. Particulars are given of an investigation carried 
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out by J. Sylvester and W. S. Whiteside to determine the most 
suitable steel for ball bearings and races. 

The Nitriding of Steels and Cast Irons. A. Babinet. (Bulletin 
de la Société d’Encouragement pour |’Industrie Nationale, 1936, 
vol. 135, Aug.—Sept., pp. 510-523). After touching on the history 
of the development of the nitriding process, the author discusses the 
properties of nitrided steel, the nitriding operation, special steels 
suitable for nitriding, the process of fabricating a nitrided piece, the 
applications of nitrided steels, nitrided cast irons, and the theory of 
the mechanism of hardening by nitriding. 

The Scaling of Mild Steel in Sulphur-Free and Sulphur-Containing 
Furnace Atmospheres. H.C. Millett and J. W. Cobb. (Institution 
of Gas Engineers, 1936, Communication No. 145). In a previous 
report (No. 127: see Journ. I. and §.I., 1936, No. I., p. 66 A) the 
results were given of experiments made to ascertain whether nitric 
oxide present in the products of combustion of town gas had any 
appreciable effect on scaling at high temperatures, comparable with 
its demonstrated effect on corrosion at low temperatures, when 
condensation of the contained water vapour was occurring. Actual 
products of combustion from coal gas burned in a column of refrac- 
tory material were employed, and no scaling effect from the nitric 
oxide could be detected. It was thought necessary, however, to 
make further experiments in which known quantities of nitric 
oxide were added to a synthetic atmosphere, and it was demon- 
strated that as the concentration of nitric oxide increased there was a 
progressive increase in scaling, but that with the concentration of 
nitric oxide present in the products of combustion of coal gas no 
scaling effect was detectable. Moreover, when experiments were 
made in which scaling agents such as free oxygen or sulphur dioxide, 
or the two together, were added along with nitric oxide, it became 
clear that scaling was not appreciably increased by the nitric oxide 
present. The survey of scaling in different “ neutral ’’ atmospheres, 
with and without sulphur dioxide, was extended, and it was found 
that as the temperature was increased, scaling in both sulphur-free 
and sulphur-containing atmospheres increased rapidly. The in- 
fluence of 0-2% of sulphur dioxide and of 1% of free oxygen is 
shown. A more detailed study was made of the scaling of mild 
steel in atmospheres containing free oxygen at 1200°C. It was found 
that with neutral atmospheres differing widely in composition, the 
results obtained from oxygen additions were nearly the same, that 
at this temperature higher concentrations of oxygen produced more 
scaling, but that each increment of oxygen had less effect, until 
maximum scaling was probably approached with about 5-0-6-0% 
of free oxygen. By making prolonged exposures {up to 46 hr.) in 
air at temperatures of 800°, 900° and 1000° C. it was demonstrated 
that the formula connecting the period of exposure and the increase 
in weight, namely, W? = Kt (where W = increase in weight, t = 
period of exposure, K = constant), was valid over very extended 
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periods, such as 24 hr. It was also shown that the curve connecting 
the temperature and scaling had a definite kink at 880° C., the scaling 
diminishing from 880° to 900° C. and thereafter increasing again with 
temperature. This confirms the results reported by Portevin, 
Pretet and Jolivet. (See Journ. I. and §.I., 1934, No. LI., p. 219). 

Structure of the Skin Zone on Annealing Iron-Carbon Alloys in 
Hydrogen. W. Baukloh. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 10, Nov., pp. 217-219). The conditions under which a surface 
decarburised zone will form when iron-carbon alloys are annealed 
in hydrogen are stated. At temperatures between 750° and 1050° C., 
steels containing up to 0-9% of carbon gave no visible surface 
decarburisation. Alloys with more than 0-9% of carbon did become 
decarburised at the surface, the carbon content of the skin being 
determined by the solubility limit of y-iron for carbon at the 
temperature of the experiment. The results point to the possibility 
of producing on a cast iron of any carbon content a steel-like skin 
of which the carbon content can be held exactly within the limits of 
0-9% to 1-7%. 

General Principles of Heat Treatment with Special Reference to 
Steel. F.C. Thompson. (Iron and Steel Industry, 1936, vol. 9, 
Sept., pp. 517-520; vol. 10, Oct., pp. 125-128; Nov., pp. 177-179). 
In this series of articles the author reviews the subject of heat 
treatment and outlines the changes in properties brought about by 
age-hardening, normalising, quenching, tempering and annealing. 

The Effect of Gas Control on the Design and Operation of Heat- 
Treatment Furnaces. IF. Stanek. (Zeitschrift des Vereines deut- 
scher Ingenieure, 1936, vol. 80, Nov. 7, pp. 1355-1357). The general 
demand for short heating periods in shift-operated, oil- or gas-fired 
heat-treatment furnaces usually leads to a burner equipment of 
excessive size, which in its turn may cause faulty operation. The 
present article discusses the effect of the control of the combustion 
gases on the regulation of the burners. 

Annealing in Controlled Atmospheres. W. A. Darrah. (In- 
dustrial Heating, 1936, vol. 3, Oct., pp. 671-678, 701-702). The 
article discusses the practical methods of bright annealing, the 
selection and design of furnaces, the gas generating equipment, and 
the economic advantages of bright-annealing furnaces. 

Mechanical Handling in the Annealing Shop : Its Influence on 
Output and Quality. P. Mabb. (Sheet Metal Industries, 1936, 
vol. 10, Oct., pp. 781-783). The author describes modern methods 
of mechanical handling in heat-treatment plants. 

The Quenching of Steeis and Metallic Alloys. L. Grenet. 
(Métaux, 1936, vol. 11, Aug., pp. 156-165). A general review of the 
theory and practice of quenching and of the behaviour of metals 
under this treatment. 
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(Continued from pp. 25 A—26 A) 


New Oxy-Acetylene Butt Welding Techniques for Steel. C. G. 
Bainbridge. (Welding Industry, 1936, vol. 4, Oct., pp. 327-333; 
Dec., pp. 402-406). The author reviews from a practical standpoint 
the various techniques for the oxy-acetylene butt welding of steel 
which are now available, and describes their most economical field 
of application as regards thickness of material. Some idea is further 
given of their relative costs and suitability for various classes of 
work. 

Welding and Cutting Machines, Processes, and Products. 
(Engineer, 1936, vol. 162, Supplement, Oct. 23). In an introductory 
article to this Supplement, O. Bondy reviews the developments 
and future prospects of welding. Recent British developments in 
methods and equipment for gas welding and cutting, electric are 
welding and resistance welding, and examples of welded structures 
and products are described and illustrated. 

Multi-Layer Oxy-Acetylene Pipe Welding.—Part I. R.M. Rooke 
and F. C. Saacke. (Journal of the American Welding Society, 
1936, vol. 15, Oct., pp. 2-7). Multi-layer welding has been recom- 
mended and used in the past in the field of oxy-acetylene welding. 
The authors describe in detail the resulting superior physical 
characteristics and the increased welding efficiencies. The welding 
technique is discussed. The following conclusions are drawn : 
(1) Multi-layer welding improves the ductility and impact value of 
the weld metal with very little sacrifice in tensile strength, so that 
with suitable welding rods, free-bend ductilities of 50%, Charpy 
impact values of 30, with tensile strengths in excess of that of the 
parent metal may be obtained without difficulty. (2) The welding 
operation on thick-walled pipe (} in. wall thickness and over) is sim- 
plified by the reduction in size of the molten puddle of weld metal. 
(3) The gas consumptions and welding times of single-layer welds 
are appreciably lowered (25 to 50%) by multi-layer welding. 

Multi-Layer Oxy-Acetylene Pipe Welding.—Part Il. A. N. 
Kugler. (Journal of the American Welding Society, 1936, vol. 15, 
Oct., pp. 8-12). The author describes the application of multi- 
layer oxy-acetylene welding to piping installations. 

An Exploration of a Modern Welding Arc. L. J. Larson. 
(Journal of the American Welding Society, 1936, vol. 15, Oct., 
pp. 14-20). The results of this exploration of thé arc and of the 
various tests discussed are: (1) The metal of the electrode passes 
across the are space chiefly in the form of droplets, which, however, 
occupy less than one-tenth of 1% of the arc space. (2) The coating 
decomposes, forming the reducing gases, hydrogen and carbon 
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monoxide. (3) These reducing gases increase the arc voltage and 
the energy in the arc, which materially assists in the welding opera- 
tion. (4) These gases also protect the droplets in the are and the 
molten pool from oxidation, as shown by metallographic examina- 
tions and chemical analyses. (5) The result is sound, high-quality 
weld metal with the mechanical properties of mild steel. 

Steel for Arc Welding Electrodes. R. Notvest. (Wire and Wire 
Products, 1936, vol. 11, Oct., pp. 527-551). The vital metal- 
lurgical characteristics of drawn wire to be used for arc welding 
electrodes are enumerated. The author endeavours to show that 
the requirements of the steel used are of a special character, due to 
the superheating of the metal and its quick freezing when utilised 
as are welding electrodes. 

Welding Alloy Steels. A.B. Kinzel. (Journal of the American 
Welding Society, 1936, vol. 15, Oct., pp. 76-78). The welding of 
alloy steels is treated under three general headings: the low-alloy 
steels for general structural purposes, the heat-treated steels of the 
automotive type for machines and general engineering, and the 
high-alloy steels, such as stainless, for use in the chemical industries 
and the like. The effect of welding heat on metal adjacent to the 
weld proper and the intensity of internal stresses to be expected with 
joints of various design and various welding practices are discussed. 
It is shown that the butt weld has definite advantages from the 
engineering standpoint. The welding of heat-treated steels with 
austenitic welding rod and the welding of stainless steels with 
niobium-bearing welding rod are recent developments of note. 

Principles of Suriacing by Welding. E.W.P.Smith. (Journal 
of the American Welding Society, 1936, vol. 15, Oct., pp. 31-33). 
The application of surfacing by welding is considered from the point 
of view of the service life of the parts treated. 

Metallurgical Aspects of the Welding of Steel. E.S. Davenport 
and R. H. Aborn. (Journal of the American Welding Society, 
1936, vol. 15, Oct., pp. 21-31). In welding steel there is inevitably, 
in the metal near the weld, a continuous gradation of temperature, 
which brings about a gradation of structure, hence a gradation of 
properties, corresponding more or less to the maximum temperature 
reached at any point. The metallurgical reactions involved are 
not instantaneous, but require some time for their completion, 
particularly at the lower temperatures. The consequence is that 
the position and size of the several structural zones about the weld 
depend not only upon the composition of the steel, but also upon 
the precise conditions of the welding operation; the matter as a 
whole is therefore quite complex, but the complexity may be 
lessened if interpreted by means of the metallurgical principles 
outlined in this paper. 

British Standard Specification for Methods of Making a Cold 
Bend Test on Fusion Welded Joints. (British Standards Institution, 
No. 709-1936). 
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The Study of Welds and Weld Metal. (Murex Welding Processes, 
Ltd., 1936, Booklet No. M.3). A brief outline is given of the 
technique employed for the microscopical examination of metals, 
and the different types of structures of carbon steel, alloy steel, 
cast iron and non-ferrous welds are described and illustrated. The 
effect of flame-cut surfaces on the strength of welds is discussed and 
the results of solid plate and butt-weld tests on sheared and flame- 
cut structural steel are given. 

The Question of Annealing Treatment in Austenitic Boiler Weld- 
ing. K.L. Zeyen. (Technische Mitteilungen Krupp, 1936, vol. 4, 
Nov., pp. 162-164). The German Reichsarbeitministerium requires 
that welds in boilers shall be regarded as having nine-tenths of the 
strength of the parent metal; further, while the condition is imposed 
that all other types of welded joint shall be annealed, an exception 
is made for welds in non-ageing steels made with special austenitic 
electrodes. Such welds can, however, be annealed, and the author 
presents results of mechanical tests made in the unannealed, in the 
stress-relieved and in the normalised condition. The results are 
discussed, and the author concludes that, while such welds can be 
heat-treated, the principal advantage of austenitic welding lies in 
the fact that annealing or normalising are not necessary. 
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(Continued from pp. 33 a—42 a) 


Comparative Folding Tests With and Without a Mandrel. R. 
Mailander and W. Ruttmann. (Technische Mitteilungen Krupp, 
1936, vol. 4, Nov., pp. 155-162). The authors have made a series of 
comparative folding tests on a 0:5 carbon steel, hardened and 
tempered at various temperatures and also on a normalised 0-1% 
carbon steel. In some, the flat bars were bent by a plunger or 
mandrel while they were supported on rollers, and in others they were 
bent freely; in both types of test the conditions were varied. A 
number of diagrams in which the test results are plotted illustrate 
to what extent agreement between the testing conditions was obtained 
and the directions in which deviations occurred. In none of the tests 
was the extension on the tension side of the bar distributed uniformly 
over the gauge-length; further, each arrangement gave a different 
distribution, and consequently the relation between the maximum 
extension at fracture and the angle of bend differed also. 

The pressure of the plunger appeared to affect the deformability, 
because with similar specimens the maximum extension was less 
when folded over the plunger than in free bending. 

There was a definite relation between the minimum radius of 
curvature and the corresponding maximum extension, and this was 
practically independent of the material and the testing conditions, 
though it was not certain whether the influence of the plunger played 
any part in this. 

As a measure of the deformability the minimum radius of curva- 
ture is more suitable for brittle materials, and the maximum exten- 
sion for tougher metals; the more simply determined angle of bend 
cannot be used directly. It is pointed out that the results and 
conclusions here presented are valid only for unwelded specimens, 
10 mm. thick. 

A Bend Test for Tinplate. C.C. Willits. (Metal Progress, 1936, 
vol. 30, Sept., pp. 50-55). A major problem facing the technologists 
in the can companies and steel mills has been the question of how to 
measure quantitatively the required physical properties of tinplate. 
While there are several methods of testing tinplate, none of them 
fulfils all requirements, so that too much remains to be determined 
under actual operating conditions at the factory. The author 
describes a testing machine in which specimens of a standard width 
and length are bent, primarily under tension, singly or repeatedly 
through an angle of 90°, a stress-strain curve being automatically 
drawn, if desired. The operation of this machine and the results 
obtained therewith are discussed. 
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Conversion of Tensile Test Data from One Form of Test Piece to 
Another. The Relation of Uniform Elongation to Total Elongation 
and Reduction of Area. EK. J. Janitzky. (American Society for 
Metals, 1936, Oct., Preprint No. 19). This paper presents the 
derivation and use of a mathematical equation for the conversion 
of the percentage elongation obtained on a tensile specimen of any 
practical diameter and gauge length to the percentage which would 
be obtained on a specimen of standard dimensions. This equation 
makes possible the standardisation of data obtained from specimens 
which cannot be made to standard dimensions, and also a direct 
comparison of the data obtained in foreign countries on their 
respective standard specimens. 

The derivation of the equation is based on the consideration that 
the percentage elongation is the sum of the uniform elongation 
percentage and the percentage elongation which takes place during 
local constriction. The uniform percentage elongation is indepen- 
dent of gauge length, while the local constriction percentage elong- 
ation is shown to be proportional to the diameter/length ratio. 
Although the value of the uniform percentage elongation is desirable, 
it is not always available. Therefore, an empirical equation is 
derived from experimental data, so that the uniform percentage 
elongation can be calculated from the total elongation and reduction 
of area percentages. 

The Effect of the Shape of the Test-Piece upon the Energy Needed 
to Deform Materials in the Single-Blow Drop Test. O. W. Ellis. 
(American Society for Metals, 1936, Oct., Preprint No. 5). A study 
is made of the energy needed in the single-blow drop test to deform 
cylinders, frusta, and cones (of equal height and volume) of copper 
and nickel. Graphs are given, showing the relationship between the 
percentage reduction in height of the sample and the ratio of the 
smaller to the larger diameter of frusta, (1) for copper samples of 
volume equal to that of normal l-in. samples and (2) for nickel 
samples of volume equal to that of normal }-in. samples. The 
experiments on nickel show that an equation of the form D = bE”, 
similar to that found by the author to apply in the case of straight 
carbon steels, relates the energy of blow in the single-blow drop test 
and the percentage reduction in height of sample. In this equation 
n shows a linear relation to b as follows: » = 1-55-0-52 log 6. 

It has been found that this equation, or one similar to it, applies 
not merely to cylinders, but also to cones and conic frusta of equal 
volume. It applies, further, to steel and nickel at all temperatures, 
and to copper, lead, and possibly aluminium at room temperatures. 
Experiments on cadmium, tin and brass showed that the equation 
did not apply to them at room temperature. The mode of deforma- 
tion of cylinders, frusta and cones is discussed in the light of etched 
sections of nickel samples of these various forms. A quantitative 
study of such etched sections has led to the tentative conclusion 
that the energy absorbed in the formation of the “ ovoidal segment ” 
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becomes proportionally greater as the forging temperature is 
lowered and as the energy of the blow is increased. 

The Behaviour of Some Low-Alloy Steels in the Single-Blow Drop 
Test. O. W. Ellis. (American Society for Metals, 1936, Oct., 
Preprint No. 20). The percentage reduction in height in the single- 
blow drop test at forging temperatures varying from 600° to 1200° C. 
(1110° to 2190° F.) of normal 1-in. samples cut from a series of steels 
has been measured. Graphs are presented showing the relationship 
between the percentage deformation and the temperature. The re- 
actions to forging at various temperatures of two steels of similar 
carbon content, but of different inherent grain size, are considered. 
It is concluded that the grain size at the forging temperature of steels 
of low and medium carbon content has a measurable effect upon their 
resistance to deformation. Comparisons are made between the 
behaviour of three low-alloy steels (Cor-Ten, Man-Ten and Sil-Ten) 
and three straight carbon steels of similar carbon content. A 
comparison is also made between a medium-manganese steel (Man- 
Ten) and a straight carbon steel of approximately equal tensile 
strength at room temperature. 

The Notch Toughness of Cast Steel. E. Knipp and W. Kerl. 
(Giesserei, 1936, vol. 23, Nov. 6, pp. 594-596). The authors discuss 
the relationships between the notch-toughness of cast steel on the 
one hand and its tensile strength, yield point, elongation and reduc- 
tion of area on the other, the dependence of the notch-toughness 
values obtained on the width and height of the test-piece, and the 
connection between the reduction of area of the specimen during 
the impact test and notch-toughness. 

Distortion of Iron and Molybdenum. E. W. Fell. (Nature, 
1936, vol. 138, Oct. 31, p. 760). The author points out that recent 
work by Tury and Krausz (Nature, 1936, vol. 138, Aug. 22, p. 331) 
may be helpful in investigating the plastic distortion of metals and 
particularly the nature of the yield point. In load/extension curves 
for molybdenum obtained by the workers quoted, the presence or 
absence of a yield point depended on the treatment applied to the 
wire. The author suggests that the treatment may have affected 
the crystal size, and mentions researches on ferrous materials which 
show the disappearance of the yield point as the crystal size increases. 
In iron and soft steel the yield is associated with the Piobert effect 
(Liiders lines); various explanations have been proposed, but the 
author thinks it probable that the yield in aggregates of iron crystals 
is due primarily to the mode of distortion of the single iron crystal, 
together with small crystal size, adding that the effect may occur 
in aggregates of crystals of other metals, provided that the mode 
of distortion of the single crystal of the metal resembles that of iron 
and that the crystals are small. The effect shows a ready response 
of the iron crystal aggregate to distort according to the internal 
stress distribution; the transmission of the distortion (resulting in 
yielding) throughout the aggregate seems to be facilitated by the 
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large number of slip planes in body-centred cubic-latticed crystals, 
and possibly other planes (maximum shear stress) if such crystals 
can distort on them. The author is actually engaged on an investi- 
gation at Manchester University of the distortion associated with the 
Piobert effect in soft steel. 

The Application of X-Ray Diffraction to the Study of Fatigue in 
Metals. C. 8S. Barrett. (American Society for Metals, 1936, Oct., 
Preprint No. 38). In an attempt to evaluate the usefulness of X-rays 
in the study of fatigue, the published information on this controversial 
question is critically reviewed with the co-operation of the A.S.T.M. 
Committees on X-rays and Fatigue. Some 200 X-ray diffraction 
patterns were prepared by the author. These show changes both 
above and below the endurance limit, the changes being similar in type 
at all stress levels, and are caused by plastic deformation of the grains. 
Therefore, the detection of these changes is not necessarily a sign 
of impending fatigue failure. However, since the magnitude of 
these changes decreases with decreasing stress level, some practical 
applications of X-rays diffraction patterns to the detection of 
progressive damage appear to be possible. X-rays are useful in 
determining the depth to which a metal is cold-worked during the 
preparation of a fatigue specimen. 

Endurance of Gear Steels at 250° Fahr. A. L. Boegehold. 
(American Society for Metals, 1936, Oct., Preprint No. 15). Fatigue 
tests on notched rotating beam specimens flooded with oil at 250° F. 
showed that carburised and hardened gear steels were less resistant 
to fatigue at that than at room temperature. It is shown that 
under these test conditions a martensitic surface structure is more 
fatigue-resistant than one predominantly austenitic, The decrease 
of endurance limit by the application of hot oil is about 10%. The 
fatigue life above the endurance limit in contact with hot oil is only 
about 10% of that at room temperature. 

Effect of Overload on the Fatigue Properties of Several Steels at 
Various Low Temperatures. H. B. Wishart and S$. W. Lyon. 
(American Society for Metals, 1936, Oct., Preprint No. 32). Studies 
were made by the authors of the effect of overload on the fatigue 
properties of an 8.A.E. 1020 steel, a 0-75°% carbon steel and a 
30% chromium steel at several low temperatures. The probable 
damage diagram method of testing was used, because it provided 
the best-organised means so far devised to evaluate the extent to 
which cycles of overstress above the endurance limit of a material 
damage that material. In order to study the variation of damage 
at low temperatures, diagrams under controlled conditions were 
determined at + 70°, -+- 10°, — 20° and — 40° F. Specially con- 
structed high-speed fatigue-testing machines were used to obtain 
the data for the construction of the damage diagrams. Results of 
the test indicate that there is little or no change of damage with 
change of temperature. This, coupled with the fact that the 
endurance limits of the materials increased with decrease of tempera- 
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tures, suggests that for the metals tested, range of stress rather than 
temperature may be the critical factor in evaluating damage. The 
results of the tests also seem to indicate that the present method 
of damage determination is inadequate to provide a highly accurate 
method of damage evaluation and that changes in the method are 
desirable. 

Steels and Alloys for Permanent Magnets. K. L. Scott. (Metal 
Progress, 1936, vol. 30, Sept., pp. 64-68, 88). In order to show the 
relative importance and usefulness of the older magnet steels, the 
precipitation-hardening alloys and the compressed metallic oxide 
magnets, the author gives a brief résumé of the methods used for the 
testing of permanent magnets. A typical hysteresis loop and 
magnetisation curve for a permanent-magnet alloy are shown 
and discussed. Methods of magnetising and the manufacture of 
magnets from steel and precipitation-hardening alloys are dealt 
with. 

Physical Constants of Pure Metals. National Physical Labora- 
tory. (H.M. Stationery Office, London, 1936). Part I. of this 
report deals with metals of the highest attainable purity prepared 
in recent years in the Metallurgy Department of the National 
Physical Laboratory, and includes physical data on iron, chromium, 
manganese, beryllium, cadmium, magnesium and tin. Part II. 
consists of a series of tables dealing with the melting points, latent 
and specific heats, thermal conductivities and coefficients of expan- 
sion of aluminium, cadmium, copper, lead, nickel, tin and zinc. 
In addition to the results obtained in the Physics Department of the 
Laboratory, practically all the values traced in the literature since 
1922 are given. 

The Fracture of Carbon Steels at Elevated Temperatures. A. E. 
White, C. L. Clark and R. L. Wilson. (American Society for 
Metals, 1936, Oct., Preprint No. 21). This paper presents results 
from stress versus time-for-rupture tests on electric-furnace and open- 
hearth carbon steels of the 8.A.E. 1015 type at temperatures of 
1000°, 1200°, 1300° and 1400° F. (535°, 650°, 705° and 760° C.). At 
1000° F. fracture was obtained in periods varying from a few 
minutes up to 14,000 hours, while maximum fracturing times of 
approximately 2000 hours were used at the higher temperatures. 
The results indicate a straight-line logarithmic relationship to exist 
between the stress and time-for-fracture at any given temperature, 
provided oxidation or corrosion does not occur. If this does happen 
a break occurs and two lines rather than one represent the relation- 
ship. The results likewise indicate the influence of time, tempera- 
ture and stress on the resulting ductility and on the type of fracture 
obtained. On the basis of these findings a means is proposed for 
determining the lowest temperature of recrystallisation or equi- 
cohesive temperature. 

The Influence of High Temperatures on Stud Bolt Steel. D. 
Wilson. (Steam Engineer, 1936, val. 5, July, pp. 430-431; Aug., 


r 








804 PROPERTIES AND TESTS. 


pp. 477-478). The author deals with the necessity for a material 
suitable for stud-bolts on joints which will preserve their tightness 
under all conditions of operation and during a reasonable life of the 
plant. He describes a new steel, known as “ Durehete,” a chromium- 
molybdenum alloy, which is not only capable of resisting creep under 
practical conditions of temperature and stress, but is also free from 
the defect of strain-age-embrittlement. 

Behaviour of Steel at Raised Temperatures under Alternating 
Stress. M. Hempel and H. E. Tillmanns. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 12, 
pp. 163-182). Examination of the literature on fatigue strength at 
raised temperatures shows that the values recorded from 300° C. 
upwards generally lie considerably above the 0-2% proof stress or 
the creep limit. It would appear that none of the investigators had 
given sufficient attention to creep, which must be expected to occur 
also under alternating load at these temperatures, and had used 
only the ordinary Wohler test as designed for room-temperature 
tests. In the present experiments a pulsator machine giving 
alternating tensile loading was used, and the specimens were heated 
in a bath. Specimens of carbon, molybdenum and chromium- 
nickel-tungsten steel were prepared ; first of all, the 0-02% and the 
0-2% proof stress, the creep limit and the tensile strength, elongation 
and reduction of area at temperatures up to 500° or 600° C. were 
determined in long-time and rapid tests. The fluctuating-stress 
strength for 2,000,000 load fluctuations at various temperatures 
and the elongation were next measured. Under loads in the 
neighbourhood of the fluctuating-stress limit elongations of 13% 
and rates of elongation in the last part of the test amounting to 
200-400 x 10% per hr. were observed. 

In the next section the authors first describe the development of 
a mechanical-optical recorder for inscribing the process of flow 
under alternating load; with this the rate of elongation could be 
observed more accurately (+ 2 x 10-*% per hr.). Comparative 
tests at raised temperatures were made under static load (creep test) 
and fluctuating load at two frequencies (50 and 500 cycles per min.), 
the loads corresponding to the creep limit and 0-2% proof stress. 
In general, the elongation curves of the creep test gave the same 
rate of elongation as the curves for fluctuating stress, when the same 
values as those in the creep tests were inserted in the latter as the 
upper load limit; in a few cases a slightly higher value, and in only 
one case a lower rate of elongation, as compared with the fluctuating- 
stress curves, were observed. From these results it is concluded 
that the elongation under fluctuating load is determined by the upper 
load limit and that, for the temperatures and materials examined, 
the frequency is without effect on the elongation. 

Creep Characteristic of Metals. C. L. Clark and A. E. White. 
(American Society for Metals, 1936, Oct., Preprint No. 2). This 
paper, after briefly defining the term creep and offering an explana- 
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tion of the creep phenomenon, discusses the various factors which 
may influence high-temperature load-carrying ability. Among 
those considered are chemical composition, structural uniformity, 
heat treatment, method of manufacture, grain size, previous deforma- 
tion, equicohesive temperature and structural stability. It shows 
that creep is a sensitive property which is influenced to a greater 
degree by variations in the past history of the material than the other 
physical properties ordinarily determined. Care should therefore 
be exercised in applying creep data obtained from one material to 
another unless the complete past histories of both are known to be 
the same. 

Interpretation and Use of Creep Results. J. J. Kanter. 
(American Society for Metals, 1936, Oct., Preprint No. 3). The 
acceptance of creep as a factor in the design of structure for operation 
at high temperature necessitated a critical interpretation of labora- 
tory test results. The character of the constant load creep strain- 
time curve is considered. 

Attention is directed to the various factors believed to influence 
creep rates. Evidence that creep obeys a viscous flow law at small 
stresses is considered. Data appear to indicate that creep viscosity 
decreases exponentially with increase of stress and the constant 
creep rate varies with stress accordingly. Bailey’s work on creep 
by shear is reviewed, with suggestions upon the interpretation of 
creep under combined stresses. The subject of relaxation due to 
creep introduces problems in the choice of bolting materials. 
Selection of materials for high-temperature application should 
be based upon creep tests where particulars of the temperature and 
working stresses are available. Working stresses must be determined 
upon a strict interpretation of creep tests with regard to the total 
deformation tolerable. 

The Diffusion of Hydrogen Through Nickel and Iron. W. R. 
Ham. (American Society for Metals, 1936, Oct., Preprint No. 39). 
The diffusion of hydrogen through nickel and iron has been found to 
follow the general equation derived from kinetic theory on the 
assumption that diffusion is chemical in nature. The linear relation 
between log D (diffusion rate) and log P (gas pressure) as constant 
temperature for the pure metals shows a slope of 0-5. When the 
metals have not been degassed or contain certain other elements 
such as carbon or nitrogen in solution, the slope of the isotherms is 
greater than 0-5, and the increase in slope appears to be approxi- 
mately proportional to the amount of foreign element in the metal. 


A similar linear relation exists between log D and p (where 7’ is abs. 


temp.) so long as no phase change (crystal structure) or electronic 
change (e.g. magnetic) occurs. In such regions the isobars undergo 
a marked change in slope. With nickel and iron the magnetic 
change at about 360° and at 750° C. respectively are clearly defined 
by diffusion data. In addition, iron exhibits changes in the isobars 
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at 945°, 900° and between 200° and 350° C. A definite difference in 
temperature is observed between Ar, and Ac;, and this appears to 
be a true hysteresis. The other points are all ascribed to electronic 
changes of the iron atom, and it is suggested that the well-known 
maximum in the tensile value of iron at 200-350° C. is explained in 
part by one of these electronic shifts. The general conclusion is 
reached that the isobars from hydrogen diffusion tests furnish an 
accurate means of tracing phase or electronic changes in iron and 
nickel, and that the change in slope of the isotherms provides a 
means in some instances of determining small amounts of foreign 
elements in solution in the metals. 

Effect of Titanium on some Cast Ferrous and Non-Ferrous Metals. 
J. A. Duma. (American Society for Metals, 1936, Oct., Preprint 
No. 22). The use of titanium for degassing and for cleansing steel, and 
as an all-round “ corrective agent ”’ for such solidification defects as 
blow-holes, segregation, mechanical enclosures and pipe, is generally 
well known ; but its use and its effects as an alloying element are not 
so widely known. This paper is an attempt at an evaluation of the 
alloying effects of titanium upon the mechanical properties of certain 
cast metals, namely, low and medium carbon steel, cast nickel- 
chromium alloy steel, copper-bearing steel, 18/8 stainless steel and 
some non-ferrous alloys. Besides discussing the influence of 
titanium on the mechanical properties of the above metals, the paper 
also notes its effect upon their microstructure, weldability, general 
corrodibility, machinability and age-hardenability. Photomicro- 
graphs are given of titanium-treated steel structures and also tables 
of physical properties. 

The Spatial Arrangement of Graphite in Cast Iron. P. Schaf- 
meister. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, Nov., 
pp. 221-222). By heating tiny plates of cast iron, 0-2-2 mm. thick, 
in a current of chlorine gas, it was possible to volatilise the iron and 
leave a residue of graphite, oxide inclusions, &c.; the residue, which 
must be handled with extreme care, retains the spatial arrangement 
in which it occurred in the iron. The author describes the general 
appearance of the residue as seen under a binocular magnifier, and 
then goes into greater detail, illustrating his points with the aid of 
stereoscopic micrographs (on viewing these through a stereoscope, 
the three-dimensional appearance is reproduced). 

Variation of the Tensile Strength and Brinell Hardness of Cast 
Iron with the Wall Thickness. H. Jungbluth. (Archiv fiir das 
Kisenhiittenwesen, 1936, vol. 10, Nov., pp. 211-216). This paper 
constitutes Report No. 357 of the Materials Committee of the 
Verein deutscher Eisenhiittenleute for the Sub-Committee on Cast 
Iron. Investigations on a series of cupola-iron castings showed that, 
under uniform test conditions, the section-susceptibility of separately 
cast test-bars was about 2}-3 times that of box-shaped castings, of 
which the wall thickness was exactly the same as the diameter of the 
bars. In both cases the section-susceptibility of high-duty irons 
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(tensile strength over 24-26 kg. per sq. mm.) was very low. The 
strength of a cast-on bar 30 mm. in dia. deviated more and more 
from that of the wall! of equal thickness as the quality of the iron 
depreciated ; in the case of high-duty irons the strength of the cast- 
on bar was virtually the same as that of the wall of similar thickness. 
As the section-susceptibility of high-duty irons is low, the cast-on 
specimen can give a sufficiently accurate indication of the strength 
for the various wall thicknesses. The investigation of the hardness 
of the castings and test-bars by the method developed by Diibi gave 
no useful results. 

Strength and Elastic Properties of Cast Iron. J. W. Donaldson. 
(Foundry Trade Journal, 1936, vol. 55, Oct. 29, pp. 338, 342). It 
has long been recognised that the ordinary flexural (modulus of 


Me j : 
rupture) formula I does not give the true stress at failure for cast 


iron at a specific load. Consequently, when studies were made of 
the supporting strengths of cast-iron water pipe while subjected to 
internal water pressure, the combination of the direct tension 
caused by internal pressure and the flexural tension caused by 
external load was made by means of any empirical relationship 
derived from the test data. The author describes an investigation 
carried out at the Iowa Engineering Experiment Station for the 
purpose of making a further study of this relationship, so as to 
ensure that it was sufficiently general and exact for such use and to 
extend the general knowledge of the action of cast iron under 
flexural loads. 

The Resistance to Buckling of Cast Iron. G. Bierett. (Archiv 
fiir das Kisenhiittenwesen, 1936, vol. 10, Oct., pp. 165-169). The 
buckling resilience curve for all types of cast iron under average 
load may be accurately calculated according to the theory of 
Engesser-Karman from a single buckling test. The author has 
applied this method to a number of cast irons with satisfactory 
results. 

Cast Crankshafts. F. Roll. (Zcitschrift des Vereines deutscher 
Ingenieure, 1936, vol. 80, Nov. 14, pp. 1365-1368). After a brief 
reference to the use of cast steel for crankshafts (which the author 
considers can be used only for slow-speed engines, because the greater 
roughness of the surface, as compared with cast iron, gives rise to 
the serious danger of fatigue failure), the author discusses in more 
detail the properties of cast iron and malleable cast iron, both plain 
and lightly alloyed, from the point of view of their use for making 
cast crankshafts. 

Present-Day Tendencies in Special Steels. J.Galibourg. (Bulle- 
tin de la Société d’Encouragement pour |’ Industrie Nationale, 1936, 
vol. 135, Aug.Sept., pp. 545-567). A general review of the present 
state of development of special steels for various purposes (con- 
structional, corrosion-resisting, heat-resisting, &c.), with notes on 
their composition, properties, &c. 
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Development and Metallurgy of Manganese Alloy Steels. (Steel, 
1936, vol. 99, Oct. 26, pp. 44-47). Reference is made to the intro- 
duction of manganese steel by Sir Robert Hadfield and an outline is 
given of early methods of manufacture. Present-day production is 
carried out in basic electric furnaces, usually from a cold charge of 
low-phosphorus steel scrap and manganese steel scrap to which 
ferro-manganese is added after melting. Photomicrographs are 
included which show the structural changes in manganese steel 
after different heat treatments. The difficulties of welding man- 
ganese steel can be overcome by the use of a nickel-manganese steel 
welding rod. 

Properties of Stainless Steels. T. Murakami. (Japan Nickel 
Review, 1936, vol. 4, Oct., pp. 572-591). The author discusses the 
stainless steels containing chromium and nickel as the principal 
constituents, and those containing various additional elements, 
such as silicon, tungsten, molybdenum, copper, vanadium, &c., in 
addition to chromium and nickel. The properties of austenitic 
stainless steels are reviewed in relation to composition, temperature, 
cold-working and the addition of other elements. A comprehensive 
table is appended to show the corrosion resistance of three kinds of 
steel, namely, carbon, high-chromium, and 18/8, to various acids, 
alkalis and chlorides. 

Recent Development of Stainless Steel. Y. Kawakami. (Japan 
Nickel Review, 1936, vol. 4, Oct., pp. 603-635). The author surveys 
the recent history of the development of stainless steel and the 
improvements consequent upon the addition of titanium, niobium, 
molybdenum, vanadium, tungsten, silicon, aluminium and nitrogen. 

Uses of Stainless Steel. B. Katsura. (Japan Nickel Review, 
1936, vol. 4, Oct., pp. 636-667). The author provides a comprehen- 
sive survey of the practical uses to which stainless steels may be put. 

Application of Stainless Steel in Dentistry. H. Ohara. (Japan 
Nickel Review, 1936, vol. 4, Oct., pp. 686-692). The corrosion- 
resisting alloys now in dental use as a substitute for gold in view of 
the increased price of the latter are described under the headings of 
(1) high chromium-nickel and (2) nickel-chromium alloys. The 
German “ Contracid ”’ alloys are also discussed. 

‘* Kawasaki Hakkinko ’’—A Steel with Extreme Resistance to 
Heat and Acid. Y. Taguchi. (Japan Nickel Review, 1936, vol. 4, 
Oct., pp. 668-685). The physical and chemical properties of a new 
steel developed by the steel manufacturing department of the 
Kawasaki Dockyard Co. are described. ‘‘ Kawasaki Hakkinko ”’ 
means “ Kawasaki Platinum Steel ”’ and is the trade name given to 
this special steel because its appearance and properties resemble 
those of platinum. 

Austenitic Stainless Alloys. Their Properties and Characteristics. 
V. N. Krivobok and R. A. Lincoln. (American Society for Metals, 
1936, Oct., Preprint No. 33). Eighteen thirty-pound ingots were 
made with carbon contents of approximately 0-05 and 0-15% and 
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chromium ranging from 17 to 19%, and nickel from 7 to 9%, for each 
value of carbon content. ‘These ingots were reduced by hot and 
cold rolling to strip 0-038 in. thick, which was annealed to dissolve 
any carbides. The effect of composition on the mechanical properties 
was determined on both annealed strip and strip after different 
degrees of cold-rolling. The ultimate strength and elongation in both 
cold-rolled and annealed samples change sharply with composition, 
and appear to be influenced by the stability of the austenite with 
respect to ferrite formation during the cold-work imposed by the 
tensile test. Correlation of the ultimate strength with the hardness 
of different alloys showed a variation in the annealed condition, that 
became less pronounced with increasing amounts of cold-work. 
Bend tests on the annealed and on cold-rolled samples indicate the 
superiority of the high-carbon alloys for use in forming operations 
after cold-rolling to high-tensile strengths. The proof stress of these 
alloys, in the annealed condition, is low, but upon cold-rolling 
increases more rapidly than the ultimate strength. With 30% cold 
reduction a proof stress greater than half the ultimate strength 
was obtained in all of the alloys studied. Olsen measurements 
indicate the relative drawing characteristic of the annealed 
alloys. 

Further Study of a High-Carbon High-Chromium Tool Steel. 
W. H. Wills. (American Society for Metals, 1936, Oct., Preprint 
No. 34). This paper describes some physical tests run on an air- 
hardening high-carbon high-chromium tool steel. An investigation 
was made of (1) the effect of various heat treatments on the impact 
value, and (2) the effect of size of sections on the impact value 
following a given heat treatment. The results show that prolonged 
heating at or above the normal hardening temperature reduces the 
impact value of the steel. Test pieces taken from larger sections 
gave considerably lower impact values. These results should be 
helpful in connection with the design and heat treatment of tools 
made from this type of steel. 

Symposium on High-Strength Constructional Metals. (American 
Society for Testing Materials, Mar. 4, 1936). The papers presented 
at this Symposium cover the chemical, physical, manufacturing and 
fabricating properties of metals and alloys employed for such con- 
structional applications as buildings, bridges, ships, railway car 
bodies, automobile bodies, aeroplane wings, tanks and containers for 
the chemical industry. The following papers were presented : 
Carbon and Low-Alloy Steels, by E. F. Cone (a survey of the com- 
position and properties of nickel steel, medium-manganese steel, 
silicon structural steel, chromium-vanadium steel, Cromansil steel, 
manganese-vanadium steel, carbon-molybdenum steel and man- 
ganese-molybdenum steel); Corrosion-Resistant Steel, by E. E. 
Thum (the corrosion- and heat-resistant properties of wrought iron- 
chromium and iron-chromium-nickel alloys are discussed); Alloys 


of Copper, by C. H. Davis; Alloys of Nickel, by G. F. Geiger ; 
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Alloys of Aluminium and Magnesium, by E. H. Dix, jun., and 
J.J. Bowman. 

Physical Properties of Axle Shafts. H.B. Knowlton. (American 
Society for Metals, 1936, Oct., Preprint No. 31). This paper covers 
an investigation made to determine the best type of steel and the 
best combination of physical properties for certain tractor axle 
shafts. Whilethe investigation was limited to tractor axles, thefunda- 
mental principles will probably apply not only to other axles, but 
to many commercial articles. ‘The correlation between many types 
of laboratory tests and the practical usefulness of axles is dealt with. 
The following types of tests are discussed : static tension, static tor- 
sion, tensile impact, notched-bar impact, repeated impact, rotating 
beam fatigue, torsion fatigue, torsion impact on small specimens, and 
torsion impact on production axles. The effects of design and 
service conditions upon the selection of steel and the physical 
specifications are considered. The relationship between the 
different kinds of steel and the optimum physical properties is 
discussed. Particular attention is given to the effect of the pene- 
tration of hardness and other inherent properties of different steels. 

Second Progress Report of the Joint Investigation of Fissures in 
Railroad Rails. H. F. Moore. (Illinois University, Engineering 
Experiment Station, 1936, Reprint No. 8). The genesis of an 
internal fissure, transverse or otherwise, in a rail is nearly always a 
shatter crack in the centre of the head of a rail. This report is an 
account of laboratory and service tests for the detection of shatter 
cracks. There are certain objections to the use of the drop test 
for this purpose, but the bend test, together with an auxiliary etch 
test, is recommended. The results of tests indicate that repeated 
wheel loads of 40,000 lb. or over may spread shatter cracks to 
internal fissures, in either a heavy rail or a light rail. There is 
evidence that the elimination of shatter cracks, and consequently 
the probable immunity against the production of internal fissures 
seems to be greatly helped by proper thermal treatment during the 
cooling of the rails. 

Evaluation of Ball-Bearing Steels on the Basis of the Slag Inclu- 
sions. H. Diergarten. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 10, Nov., pp. 197-204). As the non-metallic inclusions in ball- 
bearing steels are of great importance to the life of the bearings, the 
author has prepared a series of standard micrographs of slag in- 
clusions, as a basis for judging the quality of such steels by their 
content of inclusions. In essentials, he has distinguished, according 
to their type and arrangement, between sulphide slags, brittle oxide 
slags, and globular, oval and streaked oxide slags, and indices of 
quality are attached to them. In the course of continued examina- 
tion, it was found that certain types of inclusion were characteristic 
of particular steel-melting conditions; nevertheless, unequivocal 
conclusions as to the type of steel could not always be drawn from 
the evidence of the micro-examination. 
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(Continued from pp. 43 4—48 a) 


Improvements in Metallographic Microscopes. KR. Pusch. (Stahl 
und Eisen, 1936, vol. 56, Nov. 12, pp. 1862-1364). The conclusion 
of a previous article. In this instalment the use of dark-field 
illumination and of polarised light is discussed. (See p. 43 4). 

How the Microscope can Help the Welder. J. D. Jevons and 
M. A. Wheeler. (Welding Industry, 1936, vol. 4, Oct., pp. 356-360 ; 
Nov., pp. 596-400). A number of instances of everyday welding 
practice and problems are utilised to demonstrate the unique value 
of microscopical examination as a help to the practical welder and 
to the welding engineer and designer. 

The Applicability of Polarised Light in the Structural Investigation 
of Iron and Steel. P. Schafmeister and G. Moll. (Archiv fiir das 
Eisenhiittenwesen, 1936, vol. 10, Oct., pp. 155-160). The author 
states that with a little practice it is possible to distinguish isotropic 
from anisotropic crystals by the use of polarised light. The requisite 
conditions are perfect microsections and suitable shape and size 
of the material to be examined. As iron crystallises cubically, the 
method is only applicable to iron alloys if the inclusions and struc- 
tural constituents present are non-cubic. The author has examined 
the commoner and also some rarer silicate, sulphide, oxide and nitride 
inclusions, as well as non-cubic structural constituents of unalloyed 
and alloyed steels, and protective coatings consisting of non-cubic 
metals. Anisotropy caused by stresses could not be observed. 
A sufficient agreement between the optical behaviour under polarised 
light and the lattice structure was obtained. Micro-examination 
under reflected polarised light is sufficiently sensitive as a general 
rule, but the power of double refraction differs in each case for the 
same crystal structure. The application of polarised light provides a 
welcome simplification of the usual metallographic test with ordinary 
light if the microsections are prepared by means of suitable etching. 
The transition from ordinary to polarised light is easily possible 
with the newer types of metal microscopes. 

Mounting and Polishing Small Wire Specimens for Microscopic 
Examination. A. M. C. Murphy. (Wire Industry, 1936, vol. 3, 
Oct., pp. 412-413). The author describes a method of mounting 
wire specimens of from 0-003 in. to 0-05 in. in dia, The specimen 
is first embedded in a bead of borax glass about twenty times 
the diameter of the specimen ; the bead is then pressed into a thin 
film of plasticine, and placed in a }-in. dia. mould consisting of 
electric cable tubing. The space between the glass bead and the 
metal mould is filled with Wood’s metal. The use of chromic oxide 
for polishing has been found successful, provided that care is taken 
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to keep all dust off the pad and all grit from the specimen. Before 
etching, it is necessary to remove the specimen from the Wood’s 
metal, as the electrolytic reaction set up destroys the etch. 

The Importance of Boundary Attack in the Etching of Steel 
Specimens. B. L. McCarthy. (American Society for Metals, 1936, 
Oct., Preprint No. 36). This paper discusses the important rdéle of 
the attack of en etching reagent in determining the appearance of 
ferrous microstructures. Both the boundaries of grains and con- 
stituents are considered in this discussion. The increase in solu- 
bility of the metal at the boundaries as compared with the solubility 
at the centre of the grains or constituent particles is due to a differ- 
ence in atomic activity resulting from unbalanced atoms and 
amorphous material. The structure of pearlite is discussed, and a 
reason for the light and dark areas suggested. Microstructures of 
quenched and tempered steels are shown, and the change in etching 
characteristics is attributed to a change in the amount of boundary 
material present. The darkening of the microstructure changes with 
the particle size of the precipitated iron carbide. Fine pearlite 
associated with martensite etches out quickly because of the relative 
thinness of the ferrite and cementite plates, which results in a large 
amount of constituent boundary material. The rearrangement of 
the relationship between crystal units produced by cold-work results 
in an increase in atomic activity which promotes solution of the 
metal. 

Details of X-Ray Apparatus. R.C. Woods. (Iron Age, 1936, 
vol. 138, Oct. 22, pp. 36-41). The purpose of this article is to 
present some engineering facts about X-ray apparatus in order to 
assist those manufacturers and foundrymen who may be con- 
templating the purchase of such equipment. 

The Question of the Grain Size of Steel, its Determination, its 
Effect on the Properties of the Steel and Means of Influencing it. E. 
Houdremont and H. Schrader. (Stahl und Eisen, 1936, vol. 56, 
Nov. 26, pp. 1412-1422). The authors discuss the following matters 
in regard to grain size and its effect in steel: the cause of structural 
abnormality on case-hardening; determination of the tendency to 
coarsening of the grain by estimating the hardening limit; the 
purpose and degree of sensitiveness of the McQuaid-Ehn test; 
influence of the deformation conditions on the test results; im- 
portance of grain size in regard to deformability, machinability, 
toughness, mechanical properties, wear resistance, creep strength, 
fatigue strength, temper-brittleness, age-embrittlement, suscepti- 
bility to welding fissures, hardenability, &c.; control of the grain 
size by metallurgical means; and the effect of aluminium on the 
hardenability and sensitiveness to overheating of steel. 

Revealing the Austenitic Grain Size of Steel. J. R. Vilella and 
E. C. Bain. (Metal Progress, 1936, vol. 30, Sept., pp. 39-45). As a 
result of the widespread recognition of the significance of austenitic 
grain size as a factor in steel quality, its determination has become 
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one of the major routine tests. Hitherto these estimations have 
been made mainly upon the steel after carburising in accordance with 
the McQuaid-Ehn test. Other methods are, however, available 
which are easier and quicker, and these are described and compared 
in this article. 

P.F. Characteristics of Steel. B.F.Shepherd. (Iron Age, 1936, 
vol. 138, Oct. 22, pp. 22-26). Grain-size control has become a 
standard practice for assuring specific reproducible qualities in 
steels. To have control, it is, however, necessary to possess a method 
of determining grain size. The A.S.T.M. standard method is reliable 
and has facilitated the standardisation of determinations of this 
type. In this article the author points out that the alternative 
“ penetration-fracture characteristic ’’ is both a simple and practic- 
able means of determining austenite grain size. In order to aid 
those who wish to use this test, a set of fracture samples at five 
diameters are reproduced to permit grain sizes to be compared 
visually. 

Metallic Single Crystals and Plastic Deformation. S. L. Hoyt. 
(American Society for Metals, 1936, Oct., Preprint No. 1). The 
author presents a résumé of the work of various investigators on the 
properties and testing of single crystals and discusses the general 
problem of the plasite deformation of metals. 

Hot Working, Cold Working and Recrystallisation Structure. 
N. P. Goss. (American Society for Metals, 1936, Oct., Preprint 
No. 6). This paper discusses the X-ray method used in the investi- 
gation of the changes in the internal structure of the grains, when 
metals are hot-worked, cold-worked and heat treated. The paper 
is divided into a number of sections, each of which describes the 
results of the various investigations. I.—Introduction. II.— 
Evidence of imperfection in crystal structure. I1].—The meaning 
of ‘radial asterism’ found on X-ray diagrams of cold-worked 
metals. IV.—Plastic deformation of single crystals and_ poly- 
crystalline aggregates. V.—Preferred orientation in hot-rolled 
strips. Va.—Preferred orientations in hot-rolled rods. VI.—Effect 
of small and large deformations on the physical properties. ViI.— 
New orientations developed during heat treatment and their 
stability on further cold-rolling. VIII.—Time required to remove 
directional properties in high carbon wires, and time required to 
complete recrystallisation of cold-worked strip steels. IX.— 
Directional properties imparted to metals given small and large 
plastic deformations. X.—The effect of bending and twisting on 
the annealed wires. 

Slip, Twinning and Cleavage in Iron and Silicon Ferrite. C. S. 
Barrett, G. Ansel and R. F. Mehl. (American Society for Metals, 
1936, Oct., Preprint No. 17). As a basis for a better understanding 
of the effect of alloy additions upon the physical properties of 
iron and of annealed steels, the elementary mechanical and crystallo- 
graphic processes of slip, twinning and cleavage are studied, this 











90 A METALLOGRAPHY AND CONSTITUTION. 


paper dealing with these phenomena in iron-silicon alloys. Regard- 
ing the crystallographic features, slip in iron is found to be on 
{110}, {112} and {123} planes at all temperatures investigated, but in 
silicon ferrite it is discovered that low deformation temperatures or 
high silicon contents cause slip to be confined wholly to {110} planes. 
Twinning and cleavage planes are found as previously reported, 
{112} and {100} respectively. Schematic curves are drawn to show 
the relative variation of the stresses necessary to produce slip, 
twinning and cleavage; and the mechanical properties, particularly 
Pilling’s curve of brittleness, are interpreted in terms of these 
curves. 

An X-Ray Study of Preferred Orientations in Pure Cold-Rolled 
Iron-Nickel Alloys. D. McLachlan, jun., and W. P. Davey. 
(American Society for Metals, 1936, Oct., Preprint No. 37). Speci- 
mens of very pure iron-nickel alloys with up to 21-66% nickel were 
prepared, with a high degree of homogeneity. These were rolled 
into ribbons about 10 x 0-5 mm. in cross section and were then 
annealed to 850-900° C. They were then measured and cold- 
rolled, samples being cut off at about every 15% reduction in thick- 
ness starting at about 30%. The rolling treatment was varied with 
respect to (1) percentage total reduction, (2) percentage reduction per 
pass, (3) temperature of the rolls, and (4) direction of rolling. The 
specimens were studied by X-ray diffraction methods (1) to deter- 
mine the effect upon the preferred orientation of (a) nickel content, 
(b) percentage reduction, (c) large versus small reductions per pass, 
(d) temperature, and (2) to find how deeply these effects extend 
below the surface. The experimental results are expressed by the 
customary stereographic pole-figures, and, starting with a very 
simple picture of the mechanism of rolling of body-centred cubic 
crystals, theoretical equations are derived which are capable of pre- 
dicting the experimental results. 

Observations by X-Ray of Stresses in Nickel-Iron Sheet. W. G. 
Burgers and F. M. Jacobs. (Metallwirtschaft, 1936, vol. 15, Nov. 6, 
pp. 1063-1066). It is shown that the (400) reflection of cobalt K« 
radiation from recrystallised nickel-iron sheet containing approx. 
53 atomic per cent. of iron is unusually sensitive to small variations 
in the lattice constant; Bragg’s value of 0 is about 85° and 87° for 
the a, and a, wave-lengths respectively. In this connection the 
authors report a tentative test for investigating the state of tension 
in the material of a transformer core. In conclusion, the article 
reports the presence of a recrystallisation structure with [100] 
parallel to the axis of the wire in drawn nickel-iron wire. 

Typical Microstructures of Cast Iron Including Malleable Cast 
Iron. Section II. (Institute of British Foundrymen, 1936). This 
second series of photomicrographs has been prepared to amplify 
those given in the first series which was published in 1933. Typical 
structures of cast iron and malleable cast iron are given, together 
with explanatory notes written in the simplest manner, so as to be 
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of assistance to foundrymen unfamiliar with the subject. Brief 
notes are also included on the polishing and etching of specimens for 
microscopic examination. 

Typical Microstructures of Some Alloy Cast Irons. M. F. Surls 
and F. G. Sefing. (Metal Progress, 1936, vol. 30, Sept., pp. 56-57). 
The authors show the characteristic effects which the common 
alloying elements have on the microstructure of a specific grey iron. 
The two principal effects are that on the amount, size and shape of 
the graphite flakes, and that on the amount of cementite, ferrite, 
and pearlite in the iron. The authors conclude by saying that 
alloying elements modify the matrix of the cast iron in essentially 
the same way as they modify the structure of steel. They should, 
therefore, tend to produce changes in cast iron similar to those in steel. 

Effect of Titanium on the Hardness and Microstructure of Heat- 
Treated 18°, Chromium Steel Ingots. R. E. Bannon. (American 
Society for Metals, 1936, Oct., Preprint No. 23). This paper shows 
the effect of varying percentages of titanium on the size of grain and 
the amount of ingotism in cast 18°% chromium, 0-20-0-30% carbon 
steel. In addition, the microstructure and hardness of a heat 
without titanium are compared with those of a heat containing 
1-97% of titanium, after a series of heat treatments. The effect 
of titanium in eliminating air-hardening and hardenability is 
illustrated and evidence is shown of the solubility of the titanium 
constituent in the steel at 2500° F. Attempts were made to harden 
the steel by precipitating this constituent, but the results were 
negative. Some changes of slope in the hardness curves are 
accounted for on the basis of expected changes in structure. Photo- 


micrographs are included to illustrate some of the structures obtained 


by the various heat treatments. 

A Study of the Effect of the Aluminium Addition on the Structure 
of a Quenched Carbon Steel. H.W. McQuaid. (American Society 
for Metals, 1936, Oct., Preprint No. 27). In this paper the results 
of an attempt to indicate the effect of aluminium on the tendency 
to form heavier carbide particles are described. The subsequent 
effect of the carbide particle size and carbide structure on the 
hardenability and grain size is shown, followed by a discussion of 
the results obtained. It is reasoned that the difference in harden- 
ability of heats of steel of the same analysis is due to variation in the 
amount of carbide in solution in the austenite as well as to the dis- 
tribution of the carbon in the individual austenite grains. ; It is 
shown that one of the effects of the addition of aluminium is to 
increase the thickening of the carbides at temperatures below the 
critical range. In a lamellar pearlitic steel the thickening of the 
carbide occurs at the edges of the carbide plates, so that, while 
solution of the carbide occurs easily within the pearlite grain, there 
is considerable resistance to solution of the heavier carbide particles 
due to the thickening of the carbide at the border of the ferrite. It 
then requires either high temperature or greater time, or both, to 
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obtain complete solution of the carbide at the ferrite boundaries. 
This reduces the effective hardness, tends to retain the ductility 
and resistance to impact and also interferes with the austenitic grain 
growth. It is believed that much of the grain-growth phenomena, 
hardenability, Izod variation and variation in physical properties 
can be explained by the effect of variation in carbide particle size. 
This variation in carbide particle size results in an unequal distribu- 
tion of carbon in the austenite at the time of quenching from the 
centre of the grain to the grain boundary. The extent of this 
unequal distribution, depending as it does not only upon the presence 
of certain elements in the ferrite, but also upon previous heat treat- 
ment, it is argued, is one of the most important factors in the 
results obtained by the final heat treatment. It is suggested that 
maximum hardenability in the steel of a given analysis is not 
primarily a function of grain size but of carbon solution. Thus it 
is possible that a coarse-grained steel will harden more deeply than 
a fine-grained steel, not because of any variation in the size of the 
grain, but because of the distribution of the carbides in solution in 
the steel at the quenching temperature. A coarse-grained steel, it 
is thought, might be one in which there is a uniform and complete 
solution of carbon, in which the boundaries have been obliterated 
by carbon diffusion. The fine-grained steel on the other hand might 
be one in which either insufficient time or insufficient temperature, 
or both, has been available to permit full solution of the carbides 
together with complete diffusion of the dissolved carbon across the 
grain boundary. 

Whether the effect of the aluminium on the carbide size and 
solubility is due to the formation of carbides containing aluminium 
or whether it is entirely due to the presence of aluminium in solution 
in the ferrite is not indicated, although it is believed that the effect 
on the carbide is due to the presence of aluminium in the ferrite 
rather than to the formation of a special carbide. That this would 
seem to be the case is reasoned from the fact that a similar effect 
can be produced by the presence of oxygen, probably in the form of 
FeO in solution in the ferrite. Apparently when no element which 
affects the carbide solubility is present, the solution is very rapid 
even when the carbides have been subjected to a long time of heating 
at temperatures just below the critical range. 

Some Effects of Small Additions of Vanadium to Eutectoid Steel. 
J.G. Zimmermann, R. H. Aborn and E. C. Bain. (American Society 
for Metals, 1936, Oct., Preprint No. 18). This paper describes 
some of the effects of small additions of vanadium by making a com- 
parison of steels of approximately eutectoid composition, with and 
without vanadium. Observation of the transformation rate at a 
series of constant temperature levels, as affected by such factors 
as the austenitic grain size and the state of the carbides, affords 
definite evidence as to how small additions of vanadium affect the 
hardening properties of the steels. 
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The System Iron/Chromium/Chromium-Carbide Cr,C, /Cementite. 
W. Tofaute, C. Kiittner and A. Biittinghaus. (Technische Mit- 
teilungen Krupp, 1936, vol. 4, Nov., pp. 181-194). (See Journ. 
I. and §.1., 1936, No. II., p. 137 a). 

X-Ray Study on the Constitution of Iron-Silicon Alloys Containing 
from 14 to 33-4% Silicon. E.S. Greiner and E. R. Jette. (American 
Institute of Mining and Metallurgical Engineers, 1936, Technical 
Publication No. 744: Metals Technology, 1936, vol. 3, Sept.). 
A portion of the iron-silicon phase diagram in the range 14-33-4% 
of silicon by weight has been investigated by X-ray methods. It 
has been shown that the Fe,Si, phase, which forms by reaction 
between «-iron and FeSi at 1030° C. (Haughton and Becker), also 
decomposes at or close to 825° C. into «-iron and FeSi. This Fe,Si, 
phase is thus stable only between 825° and 1030° C. The solubility 
limits of silicon in «-ifon between 600° and 1150° C. have been 
determined. The results differ from those of previous investigators. 

The Iron-Zinc System. J. Schramm. (Zeitschrift fiir Metall- 
kunde, 1936, vol. 28, July, pp. 203-207). All the alloys of the iron- 
zinc system were produced by improved processes and with the 
desired composition. Even in the range in which only honeycomb 
alloys unsuitable for testing could formerly be produced, solid 
alloys perfect for testing were now obtained. Of the previously 
suggested crystal types, the author has confirmed the existence of : 
7 (hexagonal, densest packing of spheres of the zinc), 8 (hexagonal, 
formerly designated as FeZn,), T (cubic, with 52 atoms in the unit 
cell, formerly designated by FeZn,, Fe;Zn,,, or Fe,Znyo), y (face- 
centred cubic lattice), and « (body-centred cubic lattice). The 
liquidus line could be determined, starting from zinc, from the 
solidification curves up to an iron content of 20%. The invariant 
equilibria (y+ S27, T+S82Z8, SV@s+y, and y@a+T) 
which occur are traced to their limits. The solidus lines were 
determined by thermal analysis. The microscopic investigation 
showed that : (a) The solubility of iron in zinc is less than 0-03°% at 
the eutectoid temperature, and the 8 +- 7 eutectic lies at 0-08% iron. 
(6) At room temperature the range of homogeneity of the 3 phase 
lies between 6-3 and 11-5% iron. The zince-saturated 8 solid solution 
has a 0-5% higher zine content (58% iron); the iron-saturated 5 
solid solution remains unchanged and does not correspond to the 
hitherto accepted formula FeZn, (10-9% iron). (c) The range of 
homogeneity of the I’ phase lies between 20 and 27° iron and does 
not change as the temperature rises. The alloy corresponding to 
the formula Fe,Zn,, (16-8°% iron) therefore does not lie within the 
range of homogeneity of I’ as stated by Ekman, but at a considerable 
distance within the 6 4+-T’ range. The I phase concentration arising 
from the peritectic transformation y +- S > I corresponds neither 
to the formula FeZn, (22:2% iron) nor to the formula Fe,Znj9 
(20-5% iron), as has so far been assumed, but lies at a much higher 
iron content (27% iron). (d) The y solid solution field was accurately 
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fixed. It became evident that the y solid solution could hold up to 
46%, of zinc in solid solution at higher temperatures. The solubility 
decreases rapidly at lower temperatures. (e) The solubility of the 
« solid solution is about 20% of zine at 623°, and drops to less than 
8% as the temperature falls. The alloys were tested with respect 
to their ferromagnetism. The « solid solution is ferromagnetic 
throughout its range, while the other types of crystal are para- 
magnetic. An improved equilibrium diagram is provided. 

The Research and Development Department Laboratory of the 
Mond Nickel Company, Limited. (Foundry Trade Journal, 1936, 
vol. 55, Oct. 22, pp. 307-309). The article describes the new 
laboratories in Birmingham of the Mond Nickel Company. Separate 
laboratories have been planned to deal with mechanical testing 
heat treatment, metallography, corrosion and the determination 
of physical constants. ° 

A Laboratory Vacuum Casting Furnace. J. H. Scaff and E. E. 
Schumacher. (Metals and Alloys, 1936, vol. 7, Aug., pp. 204-206). 
The details of construction and operation of a new vacuum casting 
furnace, inwhich metals can be melted and cast under pressures as low 
as 0-01-0-08 mm. of mercury, are described. It has been developed 
for use with the standard spark gap type of high-frequency converter. 
This furnace has proved satisfactory for general use in the metal- 
lurgical laboratory, as well as for studies of the refining and degassing 
reactions accompanying vacuum melting. 
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CORROSION OF IRON AND STEEL 





‘Continued from pp. 49 A—55 A) 


Corrosion in the Refrigerating Industry. U.R. Evans. (British 
Association of Refrigeration, Nov. 6, 1936). The author discusses 
the electrochemical corrosion of iron, with special reference to the 
corrosion of iron in brine. The use of anodic and cathodic inhibitors, 
and colloidal and emulsoid substances for the prevention of corrosion 
are dealt with. 

Corrosion from Products of Combustion Gas. Part IV. Tube 
Experiments. (Institution of Gas Engineers, 1936, Communication 
No. 140). This report furnishes direct experimental evidence as to 
the behaviour of typical metals towards the products of combustion 
of town gas of low sulphur content (4 g. and 0-1 g. of sulphur per 100 
cu. ft. respectively). The experiments were conducted with a series 
of water-cooled tubes of different materials, subjected to the con- 
tinuous action of the combustion products under comparable condi- 
tions for several weeks. Some 95% of the water produced by the 
combustion of the gas was condensed on the inner surface of the 
tubes; this, together with the sulphur and nitrogen acids dissolved 
therein, formed the main corroding medium. The metals used in 
the investigation were lead, tin, solder, aluminium, brass, copper, 
black iron, galvanised iron, zinc and nickel. It is shown that 
marked rusting and corrosion of iron are caused by the combustion 
products of coal gas even with the almost complete elimination of 
sulphur, and the corrosion product, unlike that of the other metals 
examined, is chiefly in the form of highly basic insoluble matter. 

The Corrosion of Hot-Water Heating Systems. C. N. Ridley. 
(Steam Engineer, 1936, vol. 6, Oct., pp. 12-13; Nov., pp. 66-67, 71). 
The author discusses the complicated nature of the corrosive action 
of water, and records the results of an investigation of an unusual 
case of corrosion in a hot-water system. It was found that the 
severe corrosion encountered was caused by the presence of air in 
the system. 
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The ‘‘ Calculation of the Error ’’ in Co-operative Researches in 
the Field of Metallurgical Chemistry. H. Grewe. (Archiv fiir das 
Eisenhiittenwesen, 1936, vol. 10, Nov., pp. 189-192). The author 
discusses the sources of error in analytical chemical work, Gauss’ 
law of errors and the mode of carrying out the “ calculation of the 
error,” and gives some examples of its use. 

The Simultaneous Photometric Determination of Manganese, 
Silicon and Chromium. H. Pinsl. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 10, Oct., pp. 139-143). The already well-known colori- 
metric determination of manganese by the persulphate method may 
be made with great accuracy by photometric means. The author 
has worked out a method to determine simultaneously in one 
and the same solution, manganese and silicon, manganese and 
chromium, and finally also manganese, chromium and silicon. The 
introduction of the hot molybdate reaction permitted a further 
simplification of the photometric determination of silicon. The 
paper ends with a description of a method for the photometric 
determination of chromium in a sulphuric acid solution, in which 
the oxidation is effected by ammonium persulphate without the 
addition of silver nitrate. 

Improvements in the Apparatus for the Determination of the Total 
Oxygen Present in Iron by the Vacuum Fusion Method in the Carbon 
Spiral Furnace. F. Willems. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 10, Nov., pp. 193-195). The article describes a number of 
improvements in the hot extraction apparatus so far used for the 
determination of oxygen and hydrogen in iron with the carbon 
spiral furnace. These improvements are of value for the further 
development of the process. 

A New Tool for the Control of Quality Steel Making. G. T. 
Motok. (American Society for Metals, 1936, Oct., Preprint No. 26). 
A newly improved equipment for the fractional vacuum extraction of 
gases and oxides has for the first time been used for steelmaking 
control. The routine chemical analysis does not supply enough 
information regarding the composition of the steel when there is a 
difference in physical and mechanical properties of the material. 
The improved fractional extraction equipment affords an accurate 
determination of gases and a differentiation of the different types 
of oxides which, though present in small amounts, may affect 
considerably the service performance of the steel. * Results obtained 
with this equipment indicate that rimming steel, as expected, has a 
high oxygen content as FeO and some as Al,O;. During welding, 
metals take up nitrogen, and some of the elements in steel, mainly 
manganese, become oxidised. Killed high-carbon steel shows a 


» 








i) a a a 


mae, *. 80 —™ 


s in 
das 
shor 
uss’ 
the 


ese, 
sen, 
ori- 
nay 
hor 
one 
and 
The 
her 
[he 
tric 
‘ich 
the 


tal 
on 
en, 
r of 
the 
90n 
her 


T. 
6). 
1 of 
ing 
igh 


ial. 
ate 
pes 
ect 
red 
sa 
ng, 
aly 
Se 








ANALYSIS. 97 A 


greater oxygen content as SiO, and Al,O, than rimming steel. A 
small increase in either of these two oxides may produce material 
of inferior quality. The results for a double check fractional 
extraction of gases and oxides in steel may be obtained in less than 
eight hours. With this equipment as many as ten different samples 
may be tested for total oxides and gases in eight hours. 

A New Development in Steel Making Control. Metallurgical 
Staff of Republic Steel Corp. (Iron Age, 1936, vol. 138, Oct. 1, 
pp. 42-44). Adescription is given of the technique of and apparatus 
for the vacuum fusion method by partial extraction at different 
elevated temperatures at which the iron, manganese, silicon, 
aluminium and other oxides are individually reduced. 

The Determination of Tellurium in Steel. E. Deiss and H. 
Leysaht. (Zeitschrift fiir analytische Chemie, 1936, vol. 105, Nos. 9 
and 10: Mitteilungen der deutschen Materialpriifungsanstalten, 
1936, Sonderheft 28, pp. 113-115). A method for the determination 
of tellurium in steel is propounded. The ether method of Rothe 
cannot be used for the separation of iron and tellurium, as the 
tellurium distributes itself between the etheric iron solution and 
the hydrochloric solution free from iron. 

Analysis of Ferro-Chromium. (Métaux, 1936, vol. 11, Sept., 
p. 186). A short note on the estimation of nitrogen in ferro- 
chromium. 

A New Method for Determining Silica in Iron Ores. C. C. Hawes. 
(Mining and Metallurgy, 1936, vol. 17, July, pp. 335-336). The 
author presents a study of the dissociation of the silicate in the 
dry way by the use of an effective dehydrating agent, thus elimi- 
nating the need for platinum crucibles and evaporating dishes. The 
development of the process is claimed to be more satisfactory and the 
separation of silica more certain. 

Formule for the Calculation of Coal Analyses to a Basis of Coal 
Substance Free from Mineral Matter. J. G. King, M. B. Maries and 
H. E. Crossley. (Chemistry and Industry, 1936, vol. 55, Oct. 2, 
pp. 2771-28117). This paper deals with the establishment of reliable 
formule for the calculation of the composition of the coal substance 
from the determined percentage of ash and the composition of this 
ash, and by a consideration of the behaviour of mineral constituents 
during ashing. 

Apparatus for the Sampling of Gases at a Constant Rate. A. 
Blackie. (Chemistry and Industry, 1936, vol. 55, Oct. 16, pp. 
307T-308T). The article describes a simple apparatus by means 
of which a gas sample can be taken from a moving stream of gas at a 
constant rate over a period. An almost perfect constancy of rate 
is obtained, and can be varied within wide limits by relatively simple 
means. In addition, it is arranged that when the sample is complete 
it is isolated from the gas stream and the sampling stopped auto- 
matically. The apparatus is mounted in front of a board or in a 
case and is portable. 





BOOK NOTICES 





“ Achema-Jahrbuch. Jahrgang 1935-1936.” Berichte iiber Stand 
und Entwicklung des chemischen Apparatewesens. Begriindet 
von M. Buchner. 8vo, pp. 194. Berlin, 1936: Verlag 
Chemie G.m.b.H. 


This is a catalogue in English, French and German of the chemical 
plant, machines, auxiliary apparatus and equipment exhibited at the 
7th Chemical Engineering Exhibition held at Cologne in 1934, under the 
auspices of the Deutsche Gesellschaft fiir chemisches Apparatenwesen. 
The 8th Exhibition is to be held in Frankfurt a. Main in July 1937. 

J. C. Hupson. 


AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS. 
‘* Transactions,’ vol. 120. ‘Iron and Steel Division,’ 1936. 
8vo, pp. 411. Illustrated. New York, 1936: The Institute. 


This volume contains papers and discussions presented to the Iron 
and Steel Division at Meetings held at Chicago, Oct. 1-3, 1935, and at 
New York, Feb. 17-21, 1936. The papers embrace both the funda- 
mental science and the application of fundamentals to the solution of 
practical problems in iron and steel manufacture. One group of papers 
deals with the preparation of ores and various problems in blast-furnace 
operation. There are a number of papers on physical metallurgy and 
the measurement of temperature. Another group deals with the 
corrosion of steel and the properties of high-tensile low-alloy steel. 
The volume also contains the Thirteenth Annual Howe Memorial 
Lecture by H. F. Moore, dealing with the correlation between metallo- 
graphy and mechanical testing. Many of the papers contained in the 
present volume have already appeared in Metals Technology, and 
abstracts of all the papers have appeared from time to time in the 
Bulletin of the Iron and Steel Institute. The papers and discussions 
on open-hearth problems presented to the Division’s Open-Hearth 
Committee are published separately as the Nineteenth Open-Hearth 
Conference of the A.I.M.E. 


Bong, W. A., and G. W. Hrus. “ Coal, Its Constitution and 
Uses.” With a Supplementary Chapter upon Fuel Economy 
and Heat Transmission in Industrial Furnaces, by R. J. 
Sarjant. 8vo, pp. xvi-++ 631. Illustrated. London, 1936: 
Longmans, Green & Co. (Price 25s.) 


It is perhaps astonishing that there are so few books which deal 
comprehensively with fuel problems, and particularly with coal, the 
basic fuel of our great industrial development, and’ our most important 
raw material. Professor Bone’s book ‘‘ Coal and its Scientific Uses,” 
published in 1918, and of which several impressions have been made, 
filled a real need. This has now been replaced by the present volume 
which, as the authors say in their preface, ‘“ while following the same 
general lines as the old one, deals more particularly with the post-war 
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problems of coal in the light of recent developments and research from 
a world-wide standpoint as well as that of national interest.” 

After an introduction on general coal problems, there are chapters 
dealing with the original vegetable debris, peat, lignite, bituminous and 
anthracite coals and a brief consideration of the coal resources of the 
world. The analysis and thermal decomposition of coal, the action on 
it of solvents and oxidising reagents, brings us to the end of the first 
third of the book. The combustion of coal is considered in seven 
chapters, and its carbonisation and gasification in another six to fill 
the second third of the book. Fuel economy in iron and steel works 
receives three chapters, and there are others on power production, 
domestic heating, hydrogenation and surface combustion. A final 
chapter, contributed by Dr. R. J. Sarjant, is on Fuel Economy and Heat 
Transmission in Industrial Furnaces. In 33 chapters a very compre- 
hensive survey has been completed. The book is well produced, 
generously illustrated, and the style makes reading easy. It should be 
in the hands of all those who have been unable to follow systematic 
courses in fuel technology, and who are interested in the production and 
utilisation of coal. Students of fuel technology, by whom the book 
should also be read, will, no doubt, be given information on contri- 
butions made by other workers in fuel technology, which will tend to 
correct the impression given that the only important contributions to 
knowledge on the constitution of coal within recent years have been 
made by Professor Bone and his collaborators. Although reasons of 
space forbid discursive treatment of the work of others, and all will 
welcome the collecting together of information on the benzenoid 
structure of coal which has been explored by Bone and his collaborators, 
the curt dismissal of the work of earlier pioneers on this subject is 
misleading (p. 182). 

Professor Bone recognises that his earlier emphatic statements on 
the causes of coke formation need modifying, and although he apparently 
ignores work of other schools on the subject, his testament of progress 
in the modification of his earlier ideas (p. 176) has so many qualifications 
that the reviewer doubts whether any student will appreciate what the 
authors consider to be the cause of coking. The grudging admission of 
possible value in what is termed the “‘ Stopes nomenclature ” of the 
banded ingredients of bituminous coal is at variance with the impetus 
given to coal research by this nomenclature in all parts of the world, 
and acknowledged in the modified nomenclature accepted so widely by 
European coal workers in September 1935, but ignored by the authors. 

The chapters on fuel economy in iron and steel works trace histori- 
cally the different stages of development, and provide a very readable 
account of modern fuel problems in a balanced steel works. Dr. 
Sarjant’s chapter on industrial furnaces deserves special praise, and the 
chapters on boilers will be found to solve many problems in under- 
standing their principles of design and management. 

A number of mistakes have crept into the chapters on carbonisation, 
a “typical first-class Durham coking coal” being said to contain 
C 85-0, H 4-82, volatile 27-2% (dry ash free) (p. 368), at least 3% carbon 
below the correct value. The average calorific value of coke-oven 
gas from typical Durham and South Yorkshire coals of 485 and 494 
B.Th.U./c. ft. (p. 382) is far too low, and the statement (p. 339) that 
possible supplies of coke-oven gas for towns’ supply are largely depen- 
dent on the country’s metallurgical activity, was shown to be incorrect 
in the slump of 1931-33. There are a number of mistakes in names and 
initials which should have been eliminated in proof reading. 

The book contains so much of value in such a wide variety of 
different branches of fuel technology that it must be classed as one of 
the greatest achievements of technical literature and the best value for 
money within the reviewer’s knowledge. R. A. Morr. 
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Brunok, O. “ Quantitative Analyse.” 8vo, pp. v + 223.  Lilus- 
trated. Dresden und Leipzig, 1936: Verlag von Theodor 
Steinkopff. (Price 9 RM.) 


The methods of analysis described in this book are those developed 
by the late Professor C. Winkler and the author himself in the labora- 
tories of the Bergakademie at Freiberg. Only gravimetric methods 
are considered, and the author has limited his choice to those that have 
been tested and found satisfactory in his own laboratories. He has also 
given preference to the classical methods of analysis, which he con- 
siders to be more suitable for academic purposes, for which the book is 
especially designed, than many modern ones which, however good, 
involve the use of costly and intricate apparatus. The book does not 
deal therefore with technical methods of analysis, but it should be 
of value as a work of reference in industrial laboratories, particularly 
in those connected with the metal industries, since both the late 
Professor Winkler and the author are recognised authorities on 
analytical chemistry. J. C. Hupson. 


Durrer, R. “ Erzeugung von Eisen und Stahl.” (Technische 
Fortschrittsberichte. Band 39). 8vo, pp. x + 159.  Illus- 
trated. Dresden und Leipzig, 1936: Verlag von Theodor 
Steinkopff. (Price 11 RM.) 


This little book by Professor R. Durrer on the production of iron 
and steel forms part of a series of monographs, which are intended to 
present to both the general reader and the specialist accounts of recent 
progress and developments in various branches of applied chemistry. 
In view of the wide circle to which the work is addressed, the author has 
considered it desirable not only to describe recent developments in the 
production of ferrous metals, but also to deal with the fundamental 
principles involved. There can be no doubt of the truth of his state- 
ment that ‘‘ systematic scientific investigation on a physico-chemical 
basis of the reactions concerned has played a significant part in deter- 
mining developments in metallurgy during the post-war period ”’; this 
is well illustrated, for example, by the frequent references in the text 
to recent research on metal/slag and other equilibria. The distribution 
of emphasis in a short survey of a very wide field must always be to 
some extent a personal matter. It is no criticism of the work, there- 
fore, to suggest that the production of steel in the electric furnace might 
have been discussed in slightly greater detail, and it may be stated that 
Professor Durrer has worthily achieved his object of giving a general 
survey of the whole field of iron and steel production within a com- 
paratively narrow compass. The facts are presented in a very clear and 
readable manner, and the text is well illustrated. In addition, the 
value of the work to the serious student is materially enhanced by the 
small but select lists of references to recent literature given at the end 
of each section; these references are thoroughly up to date, the latest 
one being to a German paper published on June 25, 1936. 

J. C. Hupson. 


KoRROSIONSTAGUNG, 1935. “‘ Bericht iiber die Korrosionstagung 
1935 am 18. und 19. November, 1935 in Berlin.” 8vo, pp. 
120. Illustrated. Berlin, 1936: V.D.1.-Verlag, G.m.b.H. 
(Price 7.50 RM.) 


This is a Report of the Proceedings at the Fifth Conference on 
Corrosion organised by the Deutsche Gesellschaft fiir Metallkunde and 
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us- four other German scientific societies. 'The Conference was devoted to 
the corrosion of metals by cold water of various types and protective 
lor measures against this. The 18 papers discussed at the Conference are 


divided into three groups. The first group includes papers of a general 
character; one of these, by Professor Miller, deals with the passive 


ped film, whilst in another Professor Palmer describes an accelerated 
ig laboratory test, in which calcium chloride solution is substituted for the 
ods usual common salt solution. One of the most interesting contributions 
ave in the second section, devoted to corrosion by cold water, is that of 
uso F. Eisenstecken and E. Kesten, who give the results of laboratory 
~— experiments on two steels subjected to intermittent immersion in sea- 
k is water. They find that the relative times of immersion in the water and 
od, of drying in air have a marked effect on the extent to which corrosion 
not occurs. Further, in agreement with experimental work by G. Schikorr, 
be the period of the year at which the tests are conducted affects the 
tly results, partly because the rate of evaporation of moisture from the 
ate rusted surfaces is largely determined by the atmospheric humidity. 
‘ages C. Carius describes original work on the corrosion of iron and steel in 


dilute aqueous solutions resulting from contact with other bodies, and 
the section also includes practical papers dealing with the corrosion of 





the metals in water-works, water-pipes and sewage systems. The third 
us- section deals with methods of protection. In this field, E. Naumann 


describes a new process for the removal of free carbonic acid from tap 





lor water, in which the water is filtered through dolomite, calcined in 
such a way that the readily decomposed magnesium carbonate is 
ii converted into magnesia, whilst the calcium carbonate is practically 
L to unaffected. Other interesting papers in this section are those of K. 
ant Walthier and G. Schultze, who discuss protective bituminous composi- 
ry. tions and chlorinated rubber paints, respectively. J. C. Hupson. 
has 
on ‘* Mitteilungen der deutschen Materialpriifungsanstalien.’’ Sonderheft 
vn XXVIII. Large 8vo, pp. 124. Illustrated. Berlin, 1936: 
3 Verlag von Julius Springer. (Price 10.80 marks.) 
er- 
his This publication contains a number of reports of research work 
ext carried out at the Staatliche Materialpriifungsamt in Berlin-Dahlem, in 
ion the field of the testing of materials. The range of aspects dealt with is 
to perhaps best indicated by the following list of papers collected together 
re- in this volume : 
ght G. Breretr: The Teachings of Research on Stresses and Strength 
ral we for the Design and Construction of Welded Struc- 
ures. 
nd EK. Lear and R. MaILanver : Influence of Fillets on Stepped Shafts 
iin on the Bending Fatigue Strength. — : ; 
the R. BertHotp: Non-destructive Testing of Materials by the 
oer Magnetic Powder Process. _ 
oer G. ScutkorR : Atmospheric Rusting of Iron. 
G. Grinine and W. Horrmann: Stress Distribution and Shape 
Factor of the Round-Notched Tensile Bar for Testing Welded 
Materials, according to DIN 1913. 
mg G. Grinine: Notched Tests on Eccentrically Loaded Steel 
Columns. 
pp. QO. BAUER and H. SiecGLerscumipt : Influence of the Experimenta 
H. Conditions on the Degree of Shrinkage. 
O. BavEr : Is the Corrosion Test Ripe for Standardisation ? 
O. BavER and W. Tonn: The Arsenic-Lead Alloys. 
on O. BavEer and G. Scutkorr: The Behaviour of Lead in Distilled 


und Water. 
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G. Brererr: What Procedure is Indicated by Knowledge of the 
Effects of Shrinkage for the Mode of Carrying out Butt Welds 
in Large Steel Construction ? 

W. Kounrzz, F. Urset and F. Gentner: Calculation of the 
Elongation at Fracture Determined in the Tensile Test to other 
Test Lengths. 

O. Bauer and K. Srep: Casting Stresses and the Means for their 
Removal. 

O. Bauer and H. SieGLerscumipt: Influence of the Experimental 
Conditions on the Degree of Shrinkage: Second Communica- 
tion. 

W. Kuntze: Notch Shape and Distribution of Elastic Elongation 
(In the Condition of Plane Stressing). 

E. Deiss and H. Leysaut: The Determination of Tellurium in 
Steel. 

W. Tonn and H. Ginter: Contribution on the Testing in Use of 
Tin-Lead Solder. 

W. Kunvze: Principles for Uniform Hardness Testing. 


These papers have all been published before through various 
sources, but the collecting together of the information within «a 
single cover should prove of great value for reference purposes tu 
those metallurgists und engineers who are familiar with the German 
language. 


OBERHOFFER, P. ‘Das _ technische Hisen—Konstitution und 
Kigenschaften.” Dritte verbesserte und vermehrte Auflage 
von W. Eilender und H. Esser. Large 8vo, pp. x + 642. 
Illustrated. Berlin 1936: Verlag von Julius Springer. (Price 
57 marks.) 


This improved and more extensive third edition of the classic work 
of Oberhoffer has been completely redone by Hilender and Esser, with 
the assistance of a group of scientists on the staff of the Technical High 
School, Aachen. The arrangement and spirit of Oberhoffer’s earlier 
editions, ‘‘ Forgeable Iron Alloys,” 1920, and ‘‘ Technical Alloys of 
Iron,” 1925, have been maintained, and furthermore deepened and 
broadened by the co-operation at Aachen. 

The great canvas representing the technical alloys of iron is still 
focused in the new edition into two almost equal groups of constitution 
and of properties. These groups represent two of Oberhoffer’s main 
fields of endeavour; the third was that of metallurgical processes. The 
first group has been revised and brought to date with care and detail; 
extensive sections on the ternary systems have been incorporated. 
But the chapters dealing with the second group—solidification, major 
and minor segregation, gases and inclusions, hot and cold deformation— 
subjects in which Oberhoffer was intensely interested, are on a very high 
plane, and probably represent the most illuminating text-book informa- 
tion thereon extant. It is perhaps unfortunate that the opportunity 
was not taken to devote more space to methods and a critique of oxygen 
determination, and to the question of steel “‘ quality.” The entirely 
new chapters on hair-line cracks, nitriding and precipitation-hardening 
are very valuable. The slightly contracted sections on malleable, grey 
and chill cast irons are perhaps adequate, but, even if only from limita- 
tions of space, hardly deal with their subjects in the grand manner. 
This book recommends itself to all metallurgists who read German. 

G. WESLEY AUSTIN. 
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SALIGER, R., and E. Brrrner. ‘“‘ Versuche an EHisenbetonbalken unter 
ruhenden und herabfallenden Lasten.” 4to,pp.79. Illustrated. 
Vienna, 1936: Verlag von Julius Springer. (Price 12 marks.) 


The experiments described in this publication form a continuation 
of alternating-load tests on reinforced concrete beams, carried out in 
the years 1930-33. As practically nothing was known regarding. the 
resistance to impact of such beams, the research programme was 
drawn up with the intention of investigating this field. The carrying 
out of these researches provides a happy example of the co-operation of 
commercial firms and a research Institute; thus, several firms assisted 
by providing materials, making available testing machines, and bearing 
a considerable proportion of the cost, while the experiments were 
carried out in the Technical Research Department of the Technische 
Hochschule, Vienna. 

The subject-matter is divided into three main sections. The first 
deals with the plan of research, and gives information regarding the 
cement, sand and steel used, the mode of building up the experimental 
bodies, the composition of the concrete, and the carrying out of the 
tests. In the second section are recorded the results obtained in static 
bending tests, while in the last section the theory of impact bending is 
discussed, the experimental arrangements and procedure are described, 
and the results obtained are recorded. 

The experimental arrangements are well illustrated by excellent 
photographs and diagrams, while the numerical results obtained in the 
tests are recorded in tables and graphs. 

The contents of this publication should be of great interest to 
structural engineers who are concerned with the properties and be- 
haviour of reinforced concrete beams. 


SMITHELLS, C. J. “Tungsten: a Treatise on its Metallurgy, 
Properties and Applications.”’ Second ed. revised. 8vo, 
pp. viii + 272. London, 1936: Chapman and Hall, Ltd. 
(Price 25s.) 

This book has the distinction of being the only one on tungsten in 
the English language, and as the metallurgy of this metal is technically 
important and scientifically interesting and is dealt with systematically 
and accurately in the book no further recommendation is required. 
It is just ten years since the first edition appeared and during that 
time so much has been done in studying the properties of tungsten, in 
perfecting its manufacture and developing its uses that it has been 
found necessary to make the present volume nearly twice the length 
of its predecessor. Much of the ground covered is the same, and the 
first eight chapters of both editions deal with the preparation, purifica- 
tion and reduction of tungstic oxide, the manufacture of ductile 
tungsten, and the metallography and properties of the metal. In 
the first edition this occupied 128 pages, in the present one it occupies 
149. Following this two new chapters have been added in the present 
volume, One deals with the Thermionic Properties of Tungsten and 
has been written by Dr. A. L. Reimann, the other deals with Tungsten- 
Tron Alloys and Tungsten Steels and has been written by Mr. J. H. G. 
Monypenny. The eleventh chapter in the present edition is similar 
to the ninth in the previous one and is concerned mainly with the 
industrial applications of tungsten. It has been extended, however, to 
include an account of the non-ferrous alloys of tungsten with molyb- 
denum, nickel, cobalt, etc. The second last chapter is also a new one 
and deals with the Hard Alioys of tungsten carbide. This has been 
written by Mr. T. R. Bird. In both editions the last chapter is devoted 
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to the determination of impurities. Owing to the intimate relations 
between the various metals in alloys and between one metallurgical 
operation and another it is very difficult for authors preparing books on 
a given metal or a given class of operations to recognise the boundaries of 
their subject. This difficulty is reduced to a minimum in the case of 
tungsten the metallurgy, properties and uses of which are distinct from 
those of other metals. Consequently, this book is complete in itself 
and contains all the information that is likely to be required. 
J. M. Rosertson. 


VEREIN DEUTSCHER INGENIEURE. Sonderheft. ‘‘ Schweisstechnik. 


II.” Large 8vo, pp. 67. Illustrated. Berlin, 1936: V.D.I.- 
Verlag G.m.b.H. (Price 4.50 marks.) 


In order to make readily accessible the most important publications 
dealing with any given field of activity which had appeared in the 
Zeitschrift des Vereines deutscher Ingenieure, the Sonderheft was selected 
as the most convenient medium for collecting together the various 
individual papers. The first Sonderheft on the subject of welding 
technology appeared in 1926. 

Since then the development of this field has progressed with great 
rapidity, and the papers contained in the present volume are primarily 
of recent date; nevertheless, a few contributions of older date have been 
included because they round off the presentation of the present state 
of development of welding. 

The following is a list of the papers contained in this volume : 


A. Hitpert and W. Aprian: Ten Years of German Welding 
Technology. 

W. Prox: Knowledge and Results of Electric Welding. 

J. MULLER: Weldability of High-Tensile Steels. 

. ScoottKy : The Welding of Heat-Resistant Steels. 

L. ZEYEN : The Welding of High-Tensile Steels. 

Rostosxy : The Soldering and Welding of Light Metals. 
LtUprer: Welding and Soldering of Light Metals. 

Ka.prers: Corrosion-Resistance of Welds. 

BLoMBERG : Welding of Containers by the Arcatom Process. 
TiUrcxe : The Welding of Damage to Machines and Boilers. 

. VON BLEICHERT : Smail Machines for Arc Welding. 

. Mauistus: Gas Cutting and Welding of Machine Parts. 

. SHREYER: Design and Production of Welded Appliances. 

Mattine : Weld-technological Surface Treatment for Raising the 
Wear Resistance. 

Martine : Weld-technological Surface Treatment as a Protection 
against Corrosion. 

Martine : Weld-technological Surface Treatment for Increasing 
the Hardness. 


> ob PAR spite pie 


A. Martine: Weld-technological Surface Treatment for the 
Production of Coatings. 
E. Rtrer: Strength Properties of Specimens from an Electrically 


Welded Drum. 

’, JaMM and O. WErnRICH: Investigation of an Electrically 
Welded High-Pressure Drum. 

F. LEHMANN: Portable Measuring Appliance fer Fillet Welding. 

G. CzTErRNasTy : Strength Properties of a High-Quality Are Weld. 


= 


In recent years a number of papers dealing with the question of the 
fatigue strength of welded joints have appeared in the Zeitschrift des 
Vereines deutscher Ingenieure; these contributions, however, have not 
been included in the present volume, because a publication entitled 
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ions ‘‘ Fatigue Tests on Welded Joints,” containing a complete report of 
gical the Technical Committee for Welding Technology of the Verein 
Ao deutscher Ingenieure has been published recently. With the exception 
“4 of of this particular aspect it is rightly claimed that the present volume 
cole presents a complete survey of the development and present status of the 
oe technology of welding. 
.. Wor tp PowER CoNnFERENCE: ‘‘ A Survey of the Present Organisation 
of Standardisation, National and International.” 4to, pp. viii + 
nik. 55. London: Central Office, World Power Conference. 
.T.- (Price 3s. 6d.) 
The importance of co-operation between experts of different 
ions nationalities led the International Executive Council of the World 
the Power Conference to initiate an enquiry into the present organisation of 
sted national and international standardisation. By the generous assistance 
ious of the National Committees of the World Power Conference, the Central 
ling Office has been enabled to assemble the facts regarding the national 
organisation of standardisation given in this Survey. The report is now 
reat made available for general distribution in the hope that its publication 
rily will serve as a stimulus to a greater degree of unification in national 
een standardisation and to a closer co-ordination of the activities of inter- 
bate national organisations now engaged in the standardisation of material 
or methods, to the end that duplication and overlapping may be avoided, 
and that international standardisation may be more speedily effected. 
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ORES—MINING AND TREATMENT 


Increasing the Output of Plants for Handling Ore and Coal. 
(Demag News, 1936, vol. 10, B, Oct., pp. 39-42). A plan is given 
of the quays at Emden Harbour, where material is handled for the 
coal mines and blast-furnaces of the Ruhr District. The ore- 
loading bridges in operation are described and illustrated. 

Transport of Ore by Means of Electric Oscillating Conveyors in 
the Ottange No. 2 Mine (Moselle). L.Jacob. (Revue de l’Industrie 
Minérale, 1936, No. 382, Nov. 15, pp. 1136-1148). The author 
describes the electrically-driven oscillating conveyor plant installed 
in the No. 2 Mine at Ottange for transporting and loading the iron 
ore below-ground, and then gives details of tests made on it to 
determine its utility. 7 

High-Speed Mechanical Transporter System in a Opencast Iron 
Mine. J. Noel. (Revue de I|’Industrie Minérale, 1936, No. 382, 
Nov. 15, pp. 1149-1156). In the system described, individual 
trucks, controlled from a distance, circulate on an electrified railway 
system. It is installed at the opencast iron mine at Marquésado 
(Spain), belonging to the Cia. Andaluza de Minas, a branch of the 
Cie. des Minerais de Fer Magnetique de Mokta-el-Hadid. 

The Evolution of Various Types of Crushers for Stone and Ore, 
and the Characteristics of Rocks as affecting Abrasion in Crushing 
Machinery. W. T. W. Miller and R. J. Sarjant. (Transactions 
of the Ceramic Society, 1936, vol. 35, Nov., pp. 492-560). A reprint 
of a paper which has appeared in the Proceedings of the Institution 
of Civil Engineers, 1936, vol. 239, pp. 39-144. (See Journ. I. and 
S.I., 1936, No. IT., p. 101 a). 

Sintering Plant of the Millom and Askam Hematite Iron Co., 
Ltd. (Iron and Coal Trades Review, 1936, vol. 133, Nov. 6, pp. 
788-789). Illustrated particulars are given of the A.I.B. sintering 
plant put down at the works of the Millom and Askam Hematite 
Iron Co., Ltd. It comprises eight sintering pans each 9 ft. 5 in. 
internal diam., and in addition three spare pans. The designed 
capacity is 500 tons of ore per 24 hr.; but provision is made for 
an increase in capacity to 750 tons at a future date. The sintering 
operation takes 30 min., and clean blast-furnace gas is used for 
ignition purposes. 

Microscopic Structure and Concentratability of the Important 
Iron Ores of the United States. S. R. B. Cooke. (United States 
Bureau of Mines, 1936, Bulletin 391). A survey of nineteen iron 
ores collected from seven of the more important iron ore mining 
districts of the United States. A microscopic study was made of 
each ore in conjunction with laboratory concentration tests. Where 
necessary, float-and-sink tests with heavy liquids were also carried 
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out. A large portion of the investigation was devoted to devising 
suitable methods of polishing iron ore specimens and to improving the 
technique for the positive identification of the minerals. 

First Magnetic Roasting Plant in Lake Superior Region. E. W. 
Davis. (American Institute of Mining and Metallurgical Engineers, 
1936, Technical Publication No. 731; Metals Technology, 1936, 
vol. 3, Dec.). The magnetic roasting and concentration plant 
erected at Cooley, Minnesota, is described and illustrated. The 
constructional arrangement of the roasting furnace and its method 
of operation are explained in detail. The gas used for reducing 
the ore is formed by vaporising fuel oil in a vaporiser heated by 
steam. 

The Magnetic Properties of Natural and Artificial Iron-Oxygen 
Compounds. Part Il.—The Change in the Magnetic Properties of 
Iron Hydroxides on Heating in Various Atmospheres. L. Kraeber 
and W. Luyken. (Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1936, vol. 18, No. 11, pp. 149-162). Of the 
natural iron hydroxides, only the «-hydroxide occurs in limonite, . 
which, on driving out the water of hydration by heating, passes 
into the paramagnetic iron oxide. But it has been variously 
observed that some limonites assume ferromagnetic properties on 
heating and also that under magnetising roasting they become more 
easily and more intensely magnetisable than, for instance, hematite. 
In order to determine the conditions under which the iron hydroxides, 
particularly the natural ones, transform into the magnetic condition, 
tests were made on an artificial hydroxide and also three German 
limonites which had been previously considerably enriched; for 
comparison, artificial and natural iron oxides were also included. 
On heating in nitrogen and CO, between 200° and 900° C., the various 
oxides behaved differently in regard to the change in their magnetic 
character; so far as these differences were examined in the natural 
hydroxides, it appeared that they were due to the effect of the 
decomposition of carbonates of iron or of alkali earths. Under a 
reducing atmosphere of CO, maximum magnetisability was obtained 
at 500° C., although these samples were found to contain only small 
quantities of ferrosoferric oxide but large amounts of ferrous oxide ; 
the 600° samples were less magnetic. rom this it is concluded that 
reduction, through Fe,0,, does not produce paramagnetic FeO if 
the temperature does not exceed 570°. It was found that the 
hydroxides passed easily into the strongly ferromagnetic y-oxide, 
but that those oxides which were formed at high temperatures 
did not transform into y-oxide. The temperatures required for 
maximum magnetisability were different for artificial and natural 
oxide; for limonite, best values were obtained with reducing 
temperatures between 550° and 600° and oxidising temperatures 
between 500° and 550°. The rates of transformation of limonite 
during reduction and oxidation are very high even at 400°; this 
may be attributed to the porosity of the crystal structure resulting 
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from the driving out of the water of hydration and the marked 
tendency to form y-oxide. The natural iron hydroxides are thus 
eminently suited for roasting as a preparation for magnetic 
separation. 

Electromagnetic Beneficiation of Ores. Examples of Recent 
Applications. R. Perrault. (Génie Civil, 1936, vol. 109, Oct. 24, 
pp. 356-358). The author presents a review of the application of 
magnetic separation to ores of various kinds. In France, tests on 
a Lorraine ore have shown that, starting with material containing 
45-5%, of iron after the magnetising roast (a low-temperature treat- 
ment under reducing conditions in which the FeO, is converted 
into the magnetic oxide Fe,O,), a product containing 58°, of iron, 
with an iron recovery of 96°, can be obtained. At the Kaiser- 
Wilhelm-Institut fiir Eisenforschung in Diisseldorf, experiments 
have shown the existence of a highly magnetic ferric oxide, called 
y-Fe,0,. This is produced by roasting under decidedly reducing 
conditions and then reoxidising at 200—500° C.; a higher temperature 
_ destroys the y-Fe,0;. This form of iron oxide is even better 
suited to magnetic separation than the other forms. At the Kuji 
works in Japan, a sand containing 20-25% of iron, of which 3-5%, 
occurs as ilmenite, is treated magnetically after roasting to yield 
a product with 70% ofiron. At the experimental plant at Muskogee 
(Oklahama, U.S.A.) 35-mesh ore is mixed with semi-coke and 
reduced; the product consists of a mixture of finely-divided iron, 
the excess of semi-coke and gangue. Magnetic separation produces 
an iron sponge containing 80-98%, of iron according to the fineness 
of the preliminary grinding. 

Ore-Dressing Experiments with Manganese Ores from Urkit. 
J. Finkey. (Royal Hungarian Palatine-Joseph University of 
Technical and Economic Sciences, Publications of the Department 
of Mining and Metallurgy, 1936, vol. 8, pp. 70-85). In the dressing 
plant of the manganese ore mine at Urkut (Hungary), which was 
put into operation in 1917, the ore from Csardahegy was treated 
until 1930. The ore contained much clay, and the manganese 
content of 20-40% was concentrated to 34% with a yield of 32% ; 
the metal yield amounted to less than 50%. Mining was stopped 
in consequence of these unprofitable outputs at the end of 1930. 
In the meantime the deposit at Ujakna was opened up; this is a 
primary deposit carrying 30-34% of manganese. The author’s 
laboratory tests showed that this ore could be concentrated to a 
manganese content of 40-45%, with a metal yield of 60-70%. 
Work was started in December, 1935, and the records show that the 
practical results correspond with those obtained in the laboratory. 
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(Continued from pp. 58 a-59 a) 


Comparison between the Ideas of Excess Air and of the Control 
of the CO,. G. de Livois. (Chaleur et Industrie, 1936, vol. 17, 
Sept., pp. 349-353). The author discusses the control of combustion 
in boiler furnaces. 

The Enlargement of the Steam Power Station of the Gutehoff- 
nungshutte, Dusseldorf Division. R. Schruf. (Mitteilungen aus 
den Forschungsanstalten des Gutehoffnungshiittekonzerns, 1936, 
vol. 4, Dec., pp. 247-254). After explaining why the extension of 
the steam power station of this works was necessary, the author 
presents an illustrated description of the enlarged plant. 

Standardisation as an Aid to Fuel Economy—Its Effects on Fuel 
Research and Fuel Control. A. F. Webber and J. M. Ridgion. 
(Fuel Economy Review, 1936, vol. 15, pp. 8-10). The authors 
draw attention to the variation in methods of expressing results of 
fuel investigations, and review developments in the standardisation 
of methods of fuel testing and control. 

Recent Investigations on the Mineral Constituents and the 
Composition of the Ash of Coal. H. Winter. (Gliickauf, 1936, 
vol. 72, Dec. 12, pp. 1241-1247). Recent investigations have shown 
that earlier views on the mineral constituents of coal were in error 
in many respects. Thus, the so-called ‘‘ ash’ from coal may give 
a false picture of the inorganic substances actually accompanying 
the pure coal substance, because during combustion the substances 
originally present may undergo considerable change. Thiessen 
and other American workers have proved that the ash constituents 
may be derived in the first place from clay, kaolin, calcite, and 
pyrites, and have shown how, starting from these, the true “ ash ”’ 
content, as to both type and quantity, may be determined. 

Principles of the Theory of Flotation. J. Finkey. (Royal 
Hungarian Palatine-Joseph University of Technical and Economic 
Sciences, Publications of the Department of Mining and Metallurgy, 
1936, vol. 8, pp. 86-101). The general theoretical principles of the 
flotation process for ore dressing are summarised. 

Coal-Washing and Grading Plant at Parsonage Colliery. (Iron 
and Coal Trades Review, 1936, vol. 133, Dec. 4, pp. 971-974). 
The general arrangement of this plant is described and illustrated. 
A flow sheet is also included. 

New Coke-Oven Installation at Holmewood Colliery. (Iron and 
Coal Trades Review, 1936, vol. 133, Nov. 20, pp. 885-888). Illus- 
trated particulars are given of the new battery of Coppée under- 
fired regenerative ovens at the Holmewood Colliery of the Hardwick 
Colliery Company, Ltd. The battery consists of nineteen ovens, 
each 45 ft. long and 13 ft. 34 in. high, with a mean width of 16} in. 
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The ovens are top-charged and have a capacity of 16 tons of wet 
coal, and the normal coking time is 15} hr. 

The New Coke Oven and By-Product Plant at the Govan Iron 
Works. T. Ritchie. (Journal of the West of Scotland [ron and 
Steel Institute, 1936, vol. 44, Oct., pp. 3-19). A complete illus- 
trated description is given of the layout and equipment of this 
plant. (See Journ. I. and §.1., 1936, No. IT., p. 53.4). 

Considerations on the Effects of Expansion in a Battery of Coke- 
Ovens. C. Petit. (Revue Universelle des Mines, 1936, vol. 12, 
Oct., pp. 409-414). The tendency in modern coke-oven construction 
is to increase the productive capacity to the maximum, which 
necessitates the use of highly refractory materials (silica). But 
these materials are expensive in Europe; their use, therefore, 
has been restricted to those parts where they are really necessary. 
The carbonisation chambers and all those parts in which combustion 
takes place are built of silica bricks, whilst the lower parts of the 
structure, including the regenerators, are built of chamotte, bricks, 
which are less refractory but less expensive. The great difference 
in the expansion of silica and chamotte necessitates the taking 
of special precautions to avoid the destruction of the masonry when 
firing is started and the formation of cracks which would affect 
adversely the good working of the ovens. The author describes how 
this problem has been solved. 

Plasticity of Coals. R. E. Brewer and R. G. Atkinson. (In- 
dustrial and Engineering Chemistry, Analytical Edition, 1936, 
vol. 8, Nov. 15, pp. 443-449). The authors discuss methods for 
measuring the plasticity of coals, and the relation of this property 
to the quality of the coke produced. The most complete and reliable 
information on the plastic properties of bituminous coking coals is 
obtained from the modified Agde-Damm test for the preplastic 
range and by the Davis plastometer for the plastic range. The 
modified Layng-Hathorne test, while showing some improvement 
over the older procedure, is less satisfactory because of uncontrollable 
variables. 

The Determination of Yields in the Coking Process. (Iron and 
Steel Engineer, 1936, vol. 13, Nov., pp. 27-30). A review of the 
+e of the United States Bureau of Mines on the coking properties 
of coal. 

Experiments on the Utilisation of Liquor from Low-Temperature 
Carbonisation. J. Széki and A. Romwalter. (Royal Hungarian 
Palatine-Joseph University of Technical and Economic Sciences, 
Publications of the Department of Mining and Metallurgy, 1936, 
vol. 8, pp. 116-126). The authors discuss the utilisation of the liquor 
from the low-temperature carbonisation of coal.» The considerable 
quantity of ammonia contained in it is combined partly as hydro- 
sulphide and partly as sesquicarbonate, 2(NH,)HCO,.(NH,).CO3. 
In contact with air, part of the ammonium salts volatilise and the 
whole of the sulphide sulphur is soon converted into thiosulphate, 








wet 


[ron 
and 
llus- 
this 


ke- 
12; 
tion 
nich 
But 
ore, 
ary. 
tion 
the 
cks, 
nce 
cing 
hen 
tect 
LOW 


(In- 
136, 

for 
arty 
uble 
is is 
stic 
The 
ent 
ible 


and 
the 
ties 


‘jan 
ces, 
36, 
uor 
ble 
lro- 


the 
ite, 








FUEL. 1154 


while some of the phenol is resinified. Oxidation under pressure 
at room temperature shows that in this way not only oxygen but 
also sulphur is absorbed by the phenols, which act as catalysts. 
The too-rapid oxidation of sulphur-carrying liquors which also 
contain phenols is due to the presence of the phenols. The possibility 
of making photographic developers from the phenols from low- 
temperature carbonisation liquor has been investigated; they are 
suitable for ink-making, and the ink colouring matter has the charac- 
teristics of a chemical indicator. Practical means of separating 
the sulphide sulphur, the ammonia and the phenols are described. 

Technical Control in Gas Producer Practice. R. Bulmer. (Fuel 
Economy Review, 1936, vol. 15, pp. 30-32). The factors to be 
considered in the choice of coals for gas-producer practice, and the 
control of producer operation are discussed. 

Appliance for Carburetting with Tar or Oil in Open-Hearth 
Furnaces. E. Hiibert. (Stahl und Eisen, 1936, vol. 56, Oct. 22, 
pp. 1284-1285). An illustrated description is given of a special 
burner by means of which the fuel gas used for heating an open- 
hearth furnace is carburetted with tar or oil in the form of a fog. 
Gas, air and the oil are carried down three concentrically arranged 
tubes (oil in the inner, gas in the outer tube) under pressure, and 
are injected axially into the middle of the main gas flow issuing 
from the burner. The result is to produce a brightly luminous, 
strong and hot flame. 

Gas-Firing in Tinplate Manufacture. W. C. Jackson. (British 
Commercial Gas Association : Sheet Metal Industries, 1936, vol. 10, 
Nov., p. 849). Developments in the use of gas in the Welsh tinplate 
industry are outlined. 

The Calculation of the Rate of Fall of Dust Particles. T. Widell. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Dec. 12, 
pp. 1497-1498). Experiments have shown that in the calculation 
of the rate of fall of spherical bodies the equations of Stokes and 
Oseen cannot be used when the Reynolds number exceeds 1. The 
resistance index in Oseen’s resistance formula gives too-high values 
at higher Reynolds numbers. The present author gives data for 
the calculation of the rate of fall of particles exceeding 50 y in size. 

Construction anfOperation of a Heatable Water Separator and 
a Safety Water-Seal for Gas Mains. W. Hihn and A. Metzger. 
(Stahl und Eisen, 1936, vol. 56, Oct. 8, pp. 1240-1241). Brief 
illustrated descriptions are given of these two accessories for gas 
mains. 
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(Continued from p. 6 A) 


The New Iron and Steel Plant of Messrs. Guest Keen Baldwins 
Iron and Steel Co., Ltd., at East Moors, Cardiff. (Metallurgia, 1936, 
vol. 14, Oct., pp. 165-172; vol. 15, Nov., pp. 13-18). Particulars 
are given of the coal-handling and washing plant, coking and by- 
product plant, blast-furnaces, steel-melting shop and rolling mills. 
(See p. 6). 

Blast-Furnace Taphole Guns. (Iron and Coal Trades Review, 
1936, vol. 133, Dec. 18, p. 1059). An abridged English translation 
of a report by W. Rohde dealing with developments in the design 
and operation of taphole guns for blast-furnaces. (See p. 6). 

Operating Precautions in Russian Blast-Furnace Works. K. 
Messerle. (Stal, 1935, No. 11, pp. 1-5: Stahl und Eisen, 1936, 
vol. 56, Oct. 8, p. 1240). The author describes the operating 
conditions in Russian blast-furnace works and the means adopted 
to prevent break-outs. He gives details of two types of armouring 
and cooling systems used, and discusses other precautions, such as 
careful construction of the masonry, care of the hearth on starting 
up, the avoidance of too-long slagging, heavy slips, large collections 
of iron in the hearth and careful supervision of the cooling. Some 
operating results obtained on a furnace at Magnitogorsk and 
analyses of slags produced are also given. 

A New Process of Smelting Foundry Pig Iron. M. Paschke and 
E. Peetz. (International Foundry Congress, Diisseldorf, 1936: 
Foundry Trade Journal, 1936, vol. 55, Dec. 10, pp. 454-457, 459). 
An English translation of a paper in which the authors discuss the 
metallurgical principles involved in a new method of producing 
low-carbon foundry pig iron. (See Journ. I. and §.I., 1936, No. IL., 
p. 246 a). 

A Contribution on the Precalculation of the Coke Charge in 
Blast-Furnace Operation. E. Kotel. (Royal Hungarian Palatine- 
Joseph University of Technical and Economic Sciences, Publications 
of the Department of Mining and Metallurgy, 1936, vol. 8, pp. 65- 
69). The author presents and discusses a method of calculating 
the amount of coke required per charge for the blast-furnace, in 
which use is made of a diagram illustrated in the paper. 

Sulphide Sulphur in Basic Blast-Furnace Slags and Blast-Furnace 
Cements. E. Voos. (Stahl und Eisen, 1936, vol. 56, Dec. 10, 
p. 1510). The author summarises the work of V. Sevieri (Tonin- 
dustrie, 1936, vol. 60, pp. 691-693, 703-704) and others on the 
chemical behaviour of the sulphur in blast-furnace slag and its 
products and its effect on the corrosion of steelwork embedded in 
concrete containing blast-furnace cement. The sulphur combined 
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as calcium sulphide in blast-furnace slag is not oxidised by air, 
fresh or sea water. Even if oxidation could occur, this would only 
produce compounds which would improve the hydraulic properties 
of the cement made from it. It has no adverse effect on steelwork 
embedded in the concrete from the point of view of corrosion. In 
sea water some of the calcium sulphide passes into the water. 

The Production of Iron and Glass in a Tapping Gas-Producer 
from Blast-Furnace Slag and Similar Rock. J. Lamort. (Glas- 
technologische Berichte, 1936, vol. 14, pp. 54-60: Stahl und Eisen, 
1936, vol. 56, Sept. 3, pp. 1006-1007). Iron ores with less than 
20% of iron cannot be smelted economically in the blast-furnace, 
unless some use can be found for the slag. In recent years blast- 
furnace slag has been used in glass-making. Basalt represents a 
low-grade iron ore; on smelting it, 100 kg. will produce 15 kg. of 
pig iron and 80 kg. of good-quality bottle glass. Blast-furnace 
slags often carry as much as 3%, and even 4%, of alkalis, for which 
the glass industry has a use; this figure is nearly two-thirds of the 
6-8-7%, of alkali which is the minimum content in bottle glasses. 
The tapping gas-producer appears to be a better appliance for 
smelting such materials to produce silicates from basalt with iron 
as the by-product, than the blast-furnace; the sale value of the gas 
produced increases the economy of the process. The author 
quotes a works in the South of France where slag for cement-making 
is produced in this way; the iron output is raised by adding scrap 
and scale to the charge. Blast-furnace slags are also of interest to 
the glass industry as carriers of silica and lime; even when their 
alkali contents are low, their use may lead to savings of soda, 
because their high content of oxides makes them readily fusible. 

Some Experiments on the Direct Reduction of Titaniferous Iron 
Ores. R. P. Forsyth. (Journal of the Chemical, Metallurgical 
and Mining Society of South Africa, 1936, vol. 37, Oct., pp. 132- 
148). The author discusses the possibilities of utilising the titani- 
ferous magnetite in South Africa as a source of iron, and describes 
experiments on the direct reduction of this material. 

The Reduction of Iron Ore by the Application of High Pressures. 
E. Diepschlag. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Nov., pp. 179-181). ‘The acceleration of reduction processes by 
high pressures, which is based on physical and chemical laws, was 
investigated by the author in a number of laboratory tests on 
hematite with hydrogen and carbon monoxide. It was found 
that the reduction under pressure was more intensive with carbon 
monoxide than with hydrogen. The tests further showed that the 
acceleration of the reduction is greater at pressures of up to 3 atm. 
than at higher pressures. 
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(Continued from pp. 60 a-61 A) 


Melting of Cast Iron in the Foundry. 8S. E. Dawson. (Institute 
of British Foundrymen: Foundry Trade Journal, 1936, vol. 55, 
Nov. 19, pp. 393-396). The author deals with the different types 
of melting furnaces available for the production of cast iron, and 
compares the salient features of each. The raw materials used and 
the costs of operation are also discussed. 

Notes on Intermittent and Continuous Melting Practice in British 
Iron Foundries. J. E. Fletcher. (Fuel Economy Review, 1936, 
vol. 15, pp. 18-21). The author discusses the relative efficiencies 
of foundry melting furnaces and concludes that the continuous 
melting processes show the greatest economies. 

Correct Metal Practice—Its Importance in the Production of 
Sound Castings. J. L. Francis. (Iron and Steel Industry, 1936, 
vol. 10, Nov., pp. 130-134). The author discusses the production 
of sound castings and emphasises the importance of selecting the 
correct foundry mixture. The specified compositions of five pig 
irons together with scrap are given, and from these the author 
shows how five different cupola charges can be made up. The type 
of casting for which each charge is suitable is indicated, and par- 
ticulars are given of the physical properties that may be expected 
in the finished casting. 

Malleable Cast Iron. ©. H. Plant. (Staffordshire Iron and 
Steel Institute, Oct. 27, 1936: Iron and Coal Trades Review, 
1936, vol. 133, Nov. 6, p. 785). The author reviews the early 
history of malleable cast iron and surveys developments in manu- 
facturing methods. 

Anneals Malleable in 28 Hours. P. Dwyer. (Foundry, 1936, 
vol. 64, Oct., pp. 30-32, 80). The practice of the Olympic Foundry 
Co., Seattle, for the annealing of malleable castings is described. 
The castings are subjected to a short-cycle anneal in an electric 
furnace. 

Mechanisation of Foundry Operations. E. Longden. (Engineer, 
1936, vol. 162, Dec. 11, pp. 639-641). The various types of 
machinery used in the preparation and conveying of moulding 
sand, the ramming and handling of moulds in American foundries 
are described and illustrated. 

Cement-Bonded Sand Used by Mould Maker. (Iron Age, 1936, 
vol. 138, Nov. 19, pp. 51, 89). At the foundry of the Vulcan Mold 
and Iron Co., Latrobe, Pa, ingot moulds are produced by the 
Randupson method of moulding. In this method a moulding sand 
mixture is used consisting of silica sand, Portland cement and 
water. Particulars are given of the operating details. 
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Adopts Randupson Process for Making Ingot Moulds. E. A. 
France, jun. (Steel, 1936, vol. 99, Nov. 16, pp. 65-67). The use 
of cement-sand moulds for the production of ingot moulds at the 
plant of the Vulean Mold and Iron Co. is dealt with. 

Sand-Preparing Plant at Cathcart Foundry. (Foundry Trade 
Journal, 1936, vol. 55, Dec. 10, p. 453). Illustrated particulars 
are given of the plant installed at the Cathcart Foundry of G. & J. 
Weir, Ltd., for the preparation of moulding sands. 

Reclamation, Conditioning and Handling of Foundry Sands. 
L. B. Knight, jun. (Association Technique de Fonderie de France : 
Iron Age, 1936, vol. 138, Dec. 3, pp. 34-42, 120). The author 
discusses methods for controlling the permeability, bond strength, 
and moisture of moulding sands, and describes and illustrates plant 
for the reclamation, conditioning and control of sand. The savings 
effected by the use of sand control equipment are shown. 

Present Position of Moulding Sand Tests in Great Britain. N. D. 
Ridsdale. (Sands, Clays and Minerals, 1936, vol. 3, Nov., pp. 65— 
66). The recommendations of the Institute of British Foundry- 
men relating to methods and apparatus for the testing of green 
sands are given. 

Mould and Core Protective Facings at Atmospheric and Elevated 
Temperatures. R.F. Hudson. (Institute of British Foundrymen : 
Foundry Trade Journal, 1936, vol. 55, Dec. 3, pp. 427-431). , The 
author has investigated the various facing materials used in the 
foundry industry and gives typical analyses of carbonaceous materials 
and commercial blackings used for mould and core facings. Various 
washes were tested at atmospheric and elevated temperatures, and 
the results show how the ingredients of a wash affect the final 
finish on a casting. For cast iron and non-ferrous work, graphite 
in every case gives a better finish than any other material in common 
use. In greensand moulding, however, an adulterated blacking 
containing a little graphite is satisfactory. Silica flour is un- 
desirable in facings for iron or non-ferrous castings, but seems to be 
the best material for washes for steel castings. 

The Influence of the Moulding Material on the Surface and 
Structure of Cast Iron. D.Didszeghy. (Royal Hungarian Palatine- 
Joseph University of Technical and Economic Sciences, Publications 
of the Department of Mining and Metallurgy, 1936, vol. 8, pp. 
301-310). Several Hungarian moulding sands were examined to 
determine (a) how the pure sand behaved during casting, (6) what 
effect was exerted by the addition of coal dust, and (c) how the 
microstructure of the cast iron was affected by the moulding 
material. As the molten cast iron has not only a thermal but also 
a chemical effect on the sand, the refractoriness of the latter cannot 
well be determined by comparison with Seger cones, or by the 
results of an examination in the tube furnace, and the author 
recommends a casting test for this purpose. The melting point 
as determined in the tube furnace did not correspond with the 
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refractoriness of the sand in the casting test; it was noticeable 
that when the sand contained more than 15%, of calcium carbonate, 
the surface of the cast metal remained clean; this was due to the 
endothermic character of the decomposition of CaCO, into CaO 
and to the pressure of the CO, gas evolved, which prevented fritting. 
When coal dust is added to the sand, not only is a gas layer formed 
round the sand grains during casting, but their surfaces are coated 
with products of the distillation of the coal dust. The sulphur 
content of the coal is not harmful to the casting, but insufficient 
mixing of the sand and coal dust gives rise to pits on the surface 
of the casting. With cast irons containing much carbon and silicon 
differences in the rates of cooling caused by the use of different 
moulding materials caused variations in the microstructure of the 
metal. Thus, the outer zone of iron cast in a lime-rich sand mould 
contained more pearlite than that of an iron cast in a low-lime 
sand to which coal dust had been added. The cleaning of castings 
diminishes the outer pearlitic ozone, which is wear-resistant, and 
consequently the endeavour must be made to produce clean castings. 
The tests reported in this paper were made with sands and coal 
dust of Hungarian origin. 

Pattern-Making for Moulding. H. Brittain. (Institute of 
British Foundrymen: Foundry Trade Journal, 1936, vol. 55, 
Nov. 19, pp. 386-388). The author discusses briefly the production 
of patterns and illustrates several examples of patterns for different 
castings. 

What May Foundry Practice Expect of the Moulding Machine. 
U. Lohse. (International Foundry Congress, Diisseldorf, 1936 : 
Foundry Trade Journal, 1936, vol. 55, Nov. 26, pp. 407-410; Dec. 3, 
pp. 433-435). After pointing out the essential requirements of 
moulding sand for machine-moulding practice, the author discusses 
a number of problems underlying the use of moulding machines. 

The Production of Dense Iron Castings. J.H. Williams. (Insti- 
tute of British Foundrymen : Foundry Trade Journal, 1936, vol. 55, 
Dec. 10, pp. 440-452). A discussion of some of the metallurgical 
principles involved in the manufacture of dense iron castings and 
their application to foundry practice. 

Some Factors Influencing the Production of Sound Castings. 
E. W. Wynn and D. Hope. (Institute of British Foundrymen : 
Foundry Trade Journal, 1936, vol. 55, Nov. 12, pp. 373-376, 379). 
The authors discuss the condition of the moulding sand, the position 
and design of runners and feeds, solid contraction and the com- 
position of the metal. The authors also describe experiments 
carried out to determine the effect of manganese on graphite flake- 
size and the soundness and surface finish of castings. * 
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(Continued from pp. 62 4-63 A) 


Experimental Researches on the Supply of Blast to a Basic 
Converter. M. Steffes. (Chaleur et Industrie, 1936, vol. 17, 
Sept., pp. 354-356). The author presents the records of measure- 
ments made of the amount of blast supplied to a basic Bessemer 
converter, the pressure (before and after the valve and in the blast 
box) and of the duration of the blow; also, the total amount of 
blast supplied in the air main leading to the steelworks, and the 
pressure just after the blower and in the branch main feeding 
the converter under test were likewise measured. The records are 
presented in the form of graphs. 

Inland Open-Hearth Furnaces Possess Novel Features. C. 
Longenecker. (Blast-Furnace and Steel Plant, 1936, vol. 24, 
Oct., pp. 885-892). The constructional arrangement of the four 
new open-hearth furnaces at the Indiana Harbour plant of the 
Inland Steel Company is described and illustrated. The capacity 
of each furnace is approximately 150 tons, the hearth is 16 ft. wide 
and 43 ft. long inside the brickwork at foreplate level, a total of 62% 
sq. ft. making an area of 4-15 sq. ft. per ton of steel produced. Each 
furnace is equipped with a waste-heat boiler capable of generating 
about 20,000 Ib. of steam per hr. at 210 lb. pressure. The furnaces 
are equipped to use either oil or tar as fuel; provision is also 
made for the burning of coke-oven gas. Each furnace, including 
slag pockets, regenerators and flues, is insulated. 

Open-Hearth Melting Practice. T.G.Foulkes. (Metal Progress, 
1936, vol. 30, Nov., pp. 61-66). A brief discussion of furnace 
procedure and pit practice for the production of special carbon 
and alloy steels. 

Processes Permitting of the Solution of the Problem of the Im- 
provement of the Quality of Tyre Steel. M. Vitzeni. (Revue de 
Métallurgie, Mémoires, 1936, vol. 33, Nov., pp. 665-670). The 
author describes the experiments and tests made in a steelworks 
at Taganrog (Russia) in an attempt to improve the quality of the 
tyre steel being made there. The first part of the paper describes 
the manufacture of the steel; it was found that low-grade ferro- 
silicon could be used for the preliminary deoxidation, and the con- 
ditions under which this was possible were discovered by an examina- 
tion of the conditions of the bath and slag. 

The second part of the paper consists of a study of the casting 
of the metal, and the methods adopted to prevent defects in the 
tyres (pipe, inclusions, cracks, &c.), are described. 

Investigations on the Heat Loss from Pig Iron on the Way from 
the Blast-Furnace to the Mixer. K. Frélich. (Stahl und Eisen, 
1936, vol. 56, Dec. 3, pp. 1473-1479). At the time of this investiga- 
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tion at the Ilseder Hiitte in 1934, four blast-furnaces were in 
operation. The pig iron was conveyed in ladle cars; the filled 
ladles were covered with coke breeze, weighed, fitted with a cover 
and sent to the mixer, 6-8 km. distant, an 18-min. journey. Before 
emptying into the 800-ton rolling mixer, the ladles were freed from 
slag, and when empty were again covered and then returned to the 
blast-furnace plant. At the pig-iron weighbridge the covers were 
removed, and the empty ladles were weighed and placed ready for 
refilling. The blast-furnaces were tapped at intervals of 3-4 hr., 
and 16 ladle cars were in use, each holding 36-40 tons of pig iron. 

The author first presents the results of his measurements of the 
distribution of the temperature of, and the thermal radiation from, 
the surface of the metal shell of a ladle and of the temperature of 
the inner surface of the lining. Measurement of the temperature 
of the iron in the tapping launder (20 m. long) presented difficulties, 
but was finally effected by sighting a disappearing-filament pyro- 
meter on the bottom closed end of a graphite sighting tube plunged 
into the metal and also by means of a platinum /platinum-rhodium 
pyrometer; simultaneous measurements at two places showed 
that with a metal flow of 3-4 m. per sec. the temperature loss was 
10-20° C.—with slow speeds the loss was much greater. To deter- 
mine the heat loss in transit in the ladle, the temperature of the 
metal just before flowing into the ladle and just before emptying 
the ladle was measured. The prime factors in the heat loss from 
the iron were found to be the radiation from the slag cover while 
filling the ladle and during the journey and the loss of the heat 
absorbed by the ladle lining during the ladle circulation period. 
The movement of heat in empty ladles proved to be the principal 
cause of loss, for the differences in temperature of the iron arriving 
at the mixer were found to be influenced primarily by the amount 
of heat contained in the linings of the ladles. The results show 
that it is desirable to shorten the period of circulation of the ladles, 
decrease the number of ladles in use, and improve the covers so as 
to make them fit better. 

The Desulphurisation of Iron by Hydrogen. W. Baukloh. 
(Metallwirtschaft, 1936, vol. 15, Dec. 11, pp. 1193-1196). The 
author reports the results of tests made on iron-sulphur and iron- 
sulphur-manganese alloys to examine the desulphurisation brought 
about by hydrogen. The desulphurising effect was conditioned by 
the ability of the hydrogen to diffuse through the iron; in this 
connection, the influence of the «—y transformation on phenomena 
of this kind was once again observed. Manganese reduced the 
desulphurisation by hydrogen considerably; if the manganese 


content exceeded that theoretically required for the conversion of 


the whole of the sulphur present to MnS, then hydrogen had no 
desulphurising action at temperatures up to 1000° C, 
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REHEATING FURNACES 


(Continued from p. 64 A) 


Experiments on the Losses by Burning in Rolling-Mill Furnaces. 
Third Part : Further Factors, Relations to Mill Scaling, Economic 
Aspects. F. Wesemann and F. Strahuber. (Stahl und Eisen, 
1936, vol. 56, Oct. 22, pp. 1279-1284). Supplementary scaling 
tests showed that the moisture content of the burnt gases have 
an additional effect on the scaling in the reheating furnace; under 
otherwise similar conditions, the scaling increases with the moisture 
content, though with a discharge temperature below 1250° C. the 
moisture content must be reduced very considerably to effect any 
noticeable diminution of the scaling. The entry of infiltered air 
to the hottest part of the furnace, as so often happens in pusher 
furnaces, increases the scaling tremendously. The total scaling 
loss of a rolling mill is, of course, made up of the sum of the losses 
in the furnace and at the mill; the latter varies widely according 
to the degree of reduction effected in the mill, and may considerably 
exceed the furnace loss. The practical importance of scaling tests 
lies in this that they give reliable values instead of estimates for 
the furnace and mill scaling losses in relation to the operating 
conditions. For the first and second parts of the research, see 
Journ. I. and 8.1., 1936, No. I., pp. 24 a, 182 a. 

Heat Consumption of Pusher and Continuous Furnaces. F. 
Wesemann. (Stahl und Eisen, 1936, vol. 56, Oct. 29, p. 1306). 
The author first mentions briefly the factors influencing the heat 
consumption of reheating furnaces, and then presents a diagram 
in which the heat consumptions for a number of furnaces are plotted 
against their hearth areas, in order to show that, in broad terms, 
the greater the heat consumption (or, as the author calls it, the 
ability of the furnace to consume heat, Warmeschluckfahigkeit), 
the greater is the output of the furnace. 

A New Billet-Heating Furnace. J. Macdonald. (Wild-Barfield 
Heat-Treatment Journal, 1936, vol. 2, Dec., pp. 38-41, 44). The 
arrangement of the Gibbons-Wild-Barfield conveyor type of billet 
heating furnace is described and illustrated. 

A New Soaking Pit. H. F. Spencer and C. F. Herington. 
(Iron Age, 1936, vol. 138, Dec. 3, pp. 47-51, 130). Illustrated 
particulars are given of the constructional arrangement of the Amco 
recuperative soaking pit. The flame enters the combustion chamber 
through a port in the hearth and the waste gases are removed 
through spaced outlets situated near the corners of the side walls 
passing into the recuperator and thence to the stack. It is claimed 
that there is no washing action in this type of soaking pit. The fuel 
requirements of the soaking pit are tabulated. 
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(Continued from pp. 65 A-67 A) 


Forging in Hammers, Upsetters, and Presses. (Metal Progress, 
1936, vol. 30, Oct., pp. 97-106). An illustration is given of a large 
steam hammer, and the materials used in its construction are 
indicated. Recent trends in the construction of forging machinery 
are also reviewed. 

A Compact New England Plant—The Storms Drop Forging 
Company. W. C. Kernahan. (Heat Treating and Forging, 1936, 
vol. 22, Oct., pp. 495-497). Illustrated particulars are given of 
the equipment of the drop-forging plant of the Storms Drop- 
Forging Company, Springfield, Massachusetts. 

Developments in Modern Drop Forging. RK. E. W. Harrison. 
(American Society of Tool Engineers, May 14, 1936: Heat Treating 
and Forging, 1936, vol. 22, Sept., pp. 459-464, 478; Oct., pp. 
506-510). The author reviews the growth and origin of present- 
day practice in the manufacture of die blocks and die-cutting 
machines. The fields of application of board drop and steam drop 
hammers are also considered. 

Contribution to the Study of the Manufacture of Large Forgings 
in General and of Crankshafts in Particular. G.Delbart. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Sept., pp. 543-552). (See Journ. I. and §.I1., 1936, No. IL., 
p. 156 A). 

Study of the Forging of Hollow Bodies in the Forging Press. 
R. Stammbach. (Arts et Métiers, 1936, vol. 89, Dec., pp. 264- 
269). The author describes the press forging of heavy hollow 
bodies of various kinds, the assumption being made that they are 
large enough to require mechanical means for handling them. 

A New Era in the Pressed Metal Industry. O.P. Hutton. (Iron 
Age, 1936, vol. 138, Nov. 26, pp. 26-31, 104). Developments in 
the design of hydraulic presses of American origin are described 
and illustrated. 

Buick Fender Stamping Presents Unique Problem. (Iron Age, 
1936, vol. 138, Nov. 19, pp. 52-53, 61). The pressing of automobile 
fenders at the plant of the Buick Motor Co. is described and 
illustrated. 

The Metallurgical Aspects of Deep Drawing. J. D. Jevons. 
(Iron and Steel Industry, 1936, vol. 10, Nov., pp. 185-142; Dec., 
pp. 191-193). The author forecasts some possible and desirable 
improvements in deep-drawing methods and deep-drawing metals. 
(See p. 18 a). 

A New Metal for Deep-Drawing. A. H. Hayes and R. O. 
Griffis. (Seventh International Congress on Mining, Metallurgy 
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and Applied Geology, Paris, Oct. 20-26, 1935 : Revue de Métallurgie, 
Mémoires, 1936, vol. 33, Oct., pp. 594-597). (See Journ. I. and 
S.I., 1936, No. II., p. 157 a). 

Extrusion and Annealing of Chevrolet Motor Valves. J. B. 
Nealey. (Heat Treating and Forging, 1936, vol. 22, Oct., pp. 
523-524). Inlet and exhaust valves for Chevrolet engines are 
produced by extrusion. The steel used has the following composi- 
tion: Carbon, 0-40-0-50; manganese, 0-30-0-50; silicon, 3-0- 
3-5; chromium, 8-0-10-0; phosphorus and sulphur, 0-025%. A 
brief account of the extrusion and annealing of the valves is given. 

The Manufacture of Wire Springs. J. W. Rockefeller, jun. 
(Wire and Wire Products, 1936, vol. 11, Dec., pp. 705-708). The 
author discusses the manufacture and heat treatment of wire 
springs. 

Evolution of a Welding Rod. F. L. Prentiss. (Iron Age, 1936, 
vol. 138, Dec. 3, pp. 40-42, 120). The production of alloy steel 
welding wire at the plant of Maurath Inc., Cleveland, is described 
and illustrated. Hot-rolled rods are drawn into wire in a double 
drawing block of the horizontal type. In annealing the wire it is 
first preheated to 1,300° F. by passing it between rollers that serve 
as electrodes for alternating current ; it then passes between another 
set of rollers supplied with direct current which heats the wire to 
2000° F. The wire then passes while at a bright red heat into 
the pickling tank, where non-acid solution is used to remove the 
scale. This solution also acts as a quenching medium. After 
liming and drawing the wire is cut into 18-in. lengths and then coated. 








ROLLING-MILL PRACTICE 


(Continued from p. 68 A) 


The Calculation of the Spread During Rolling. fF. Riedel. 
(Stahl und Eisen, 1936, vol. 56, Dec. 24, pp. 1551-1556). After 
touching on the relation between the spread and the extension 
of metal in rolling, the author deals with the development of a 
formula for the spread based on the chief laws of the theory of de- 
formation, and discusses the dependence of the spread on the original 
width and thickness of the material, the reduction and the roll 
diameter. He compares the values given by this and other formule 
with practical measurements, and also the values obtained with 
thick and thin bars. Finally, he discusses the development of a 
complete formula for spread taking account of all factors, such as 
the volume of the material, the temperature, the speed of rolling, 
the material itself, and the condition of the rolls. 

Roll Designing for Section Steel. C. Holzweiler and T. Dahl. 
(Stahl und Hisen, 1936, vol. 56, Oct. 8, pp. 1227-1236; Oct. 15, 
pp. 1252-1256). The continuation of previous articles (see Journ. 
I. and 8.1, 1936, No. I., p. 31 4). The authors describe their 
system of designing the roll passes for rolling H-sections in three- 
high mills, and give examples of the roll pass designs for standard 
H-sections. By means of examples, also, they show the advantages 
of thinner rolls of short body-length. 

The Diameter of the Rolls of Four-High Mills. W. Trinks. 
(Blast-Furnace and Steel Plant, 1936, vol. 24, Oct., pp. 873-875, 
878). The author explains the underlying principles governing 
the diameter of the rolls of backed-up rolling mills. If the 
working rolls are driven, their torsional strength, more than any- 
thing else, determines the minimum safe diameter. The dia- 
meter of the backing rolls is determined solely by stiffness, or 
rigidity. 

Factors Affecting Roll Life in Four-High Mills. W. Trinks. 
(Blast-Furnace and Steel Plant, 1936, vol. 24, Oct., pp. 979-980). 
The “ puffing up ” and spalling of rolls are discussed. 

Japanese Strip-Rolling Mill Fitted with Roller Bearings. (Ball- 
Bearing Journal, 1936, No. 2, pp. 31-36). Particulars are given 
of the savings effected through the use of roller bearings on a strip 
mill which consists of a blooming train of two stands and a con- 
tinuous finishing train of four stands. 

Lubrication of Steel Mill Equipment. C. J. Klein. (Iron and 
Steel Engineer, 1936, vol. 13, Nov., pp. 13-19, 39). The author 
discusses a number of important factors to be considered in the 
installation and operation of lubricating systems in steel plants, 
with particular reference to lubricating problems in connection with 
rolling mills. 
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Effect of Grooving on Bearing Lubrication. L. Ballard. (Steel, 
1936, vol. 99, Nov. 23, pp. 38-40, 42). After pointing out the ideal 
conditions for the lubrication of the bearings, the author discusses 
the function of grooving and the effect of grooving on bearing 
lubrication. Rules to be followed in the cutting and use of grooves 
are listed. 

X-Ray Diffraction Studies of Lubricants. G. L. Clark, R. R. 
Sterrett and B. H. Lincoln. (Industrial and Engineering Chemistry, 
1936, vol. 28, Nov., pp. 1318-1322). The authors describe an 
investigation in which a number of organic compounds, particularly 
chlorinated derivatives, which possess some possibilities as addition 
agents in lubricating oils in enhancing film strength and general 
performance, were subjected to X-ray diffraction analysis as thin 
solid films on suitable metal surfaces. 

Application of Photo-eleciric Pyrometer to Bethlehem Shape 
Mills. A. J. Standing. (Iron Age, 1936, vol. 138, Nov. 19, pp. 
49-50, 61). During the rolling of bars in the 48-in. mill at the 
Saucon plant of the Bethlehem Steel Co., the temperature of the 
material is recorded by means of a photo-electric pyrometer. 
Particulars are given of the apparatus used and its arrangement. 

Converting Universal Plate Mill for Hot Strip. (Iron Age, 1936, 
vol. 138, Nov. 26, pp. 39-40). At the plant of Dominion Foundries 

and Steel, Ltd., Hamiiton, Ontario, a two-high single stand reversing 
universal plate mill has been converted to roll strip in addition to 
universal and sheared plates. The change has been effected by the 
addition of coiling furnaces over the tables, pinch rolls on each 
side of the mill, and deflectors to guide the strip into the coiling 
furnaces. <A strip coiler is provided and also electrical control 
equipment for synchronising the speeds of the coiler reels and pinch 
rolls with that of the mill. With the new set-up slab ingots 14 in. 
to 16 in. thick, about 48 in. long, and in various widths can be rolled 
down to 12-gauge strip without reheating, thus combining blooming, 
breakdown and finishing operations in one mill unit. 

Moving Strip Steel in Production. I. Juraschek. (Iron Age, 
1936, vol. 138, Nov. 16, pp. 44-47). Illustrated particulars are 
given of a conveying system, installed in an American plant, for 
handling sheets during the continuous rolling process. The layout 
of the conveyors and tables is shown. 

Heavy Rolling-Mill Gear Unit. (Engineering, 1936, vol. 142, 
Dec. 18, pp. 663-664). Illustrated particulars are given of the 
constructional arrangement of a large reduction gear unit for a 
rolling mill. 

Electrical Developments in the Steel Industry. R. H. Wright. 
(Electrical Engineering, 1936, vol. 55, Nov., pp. 1168-1173). The 
author reviews developments in the electric driving of rolling 
mills in the United States. 
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(Continued from pp. 69 4-71 A) 


The Cementation of Grey Cast Iron by Beryllium. J. Laissus. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Aug., pp. 494-497). (See Journ. I. and §S.I., 1936, 
No. II., p. 1604). 

Follsain Treatments. M. Barr. (Metal Treatment, 1936, vol. 2, 
Autumn Issue, pp. 144-147). An outline is given of the Follsain 
method of ore agglomeration and also the several modifications 
of the Follsain Penetral treatments for rendering iron and steel 
parts heat- and wear-resistant. 

Casehardening in Cyanides. E. R. Thews and R. W. Snelling. 
(Mechanical World: Heat Treating and Forging, 1936, vol. 22, 
Oct., pp. 517-520). The most advantageous concentrated carburis- 
ing mixtures are those containing 50% of cyanide, with equal 
proportions of chloride and carbonate, while where more dilute 
mixtures are required a bath containing 35% of cyanide, 35% of 
carbonate and 30% of chloride gives the best results. The latter 
mixture melts at about 1150-1200° F. It is very stable and exhibits 
a very pronounced carburising effect. The stability of various 
carburising mixtures, and the advantages and disadvantages of the 
cyanide process are discussed, and means of avoiding loss of cyanide 
by decomposition and volatilisation are pointed out. 

A Modern Batch Gas Carburising Operation. E. F. Cone. 
(Metals and Alloys, 1936, vol. 7, Oct., pp. 271-272). Particulars are 
given of a batch-type of gas carburising furnace installed in an 
American plant. 

Automatic Machines for Carburising. J. B. Nealey. (Metals 
and Alloys, 1936, vol. 7, Oct., pp. 250-252). The author gives 
illustrated particulars of furnaces for the continuous case-hardening 
of parts by cyaniding, pack carburising and gas carburising methods. 

i Surface Hardening. R. L. Rolf. (Steel, 1936, 
vol. 99, Nov. 30, pp. 32-36). The surface hardening of metal parts 
by the oxy-acetylene flame is discussed. The methods employed 
in torch hardening depend primarily on the nature of the work to 
be treated. While there are many instances where this operation 
must be performed by hand, practically all torch hardening opera- 
tions can be made mechanical. The methods may be divided into 
two general types: Progressive hardening, where the torch travels 
along the face of a stationary object; the spinning method, where 
the specimen to be hardened is spun or rotated in front of a stationary 
flame. The compositions of those steels which can be hardened 
successfully by the oxy-acetylene flame, and the results of hardness 
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tests on the core and surface of steels after flame hardening are 
tabulated. 

Flame Hardening Presents Economical Heat-Treating Method. 
G. V. Slottman. (Steel, 1936, vol. 99, Nov. 9, pp. 42-44). The 
author discusses the oxy-acetylene process of flame hardening and 
points out its advantages. 

The Superficial Quenching of Steels by the Blowpipe. (Génie 
Civil, 1936, vol. 109, Dec. 5, pp. 511-513). A short account is given 
of the carrying out of the surface-quenching of steels by the use of 
a blowpipe, the appliances used are mentioned and the applications 
of the process are reviewed. 

Rate of Oxidation of Metals at Raised Temperatures. Nickel, 
Copper, Iron, Brass. A. Krupkowski and J. Jaszczurowski. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Nov., pp. 646-653). (See Journ. I. and S.I., 1936, 
No. II., p. 161 4). 

New Ideas in Furnaces. (Metal Progress, 1936, vol. 30, Oct., 
pp. 64-65, 69-70). A brief review of recent developments in the 
design of heat-treatment furnaces. 

Automatic Handling of Mill-Length Shapes during Heat Treat- 
ment. E. J. Janitzky. (Metal Progress, 1936, vol. 30, Oct., 
pp. 55-58). Illustrated particulars are given of the new heat- 
treating equipment at the South Works of the Carnegie-Illinois 
Steel Corporation, for the heat treatment of bars, plates and shapes. 
Two rectangular bell-type electric furnaces with car bottoms are 
installed. All operations such as the transfer of the furnace load 
to the quenching tank, the quenching operation and subsequent 
handling, are automatically controlled. 

Controlled Furnace Atmospheres. E. O. Mattocks. (Metal 
Progress, 1936, vol. 30, Oct., pp. 27-34). The author discusses 
the control of furnace atmospheres for the prevention of scaling 
and decarburisation during the heating of metals, and for bright 
annealing. 

Controlled Gear Manufacture. J. B. Nealey. (Iron Age, 1936, 
vol. 138, Dec. 3, pp. 58-60). The author describes the practice 
of the Fairfield Manufacturing Co., Lafayette, Indiana, in the heat 
treatment of gears of various types. 

Heat Treating and Forging at G-E, Schenectady Works. (Heat 
Treating and Forging, 1936, vol. 22, Sept., pp. 454-458). The 
equipment of the forging and heat-treatment departments of the 
General Electric Company, Schenectady, is described and illustrated. 

Atmospheres and Furnaces in the Wire Industry. H. M. Heyn. 
(Wire and Wire Products, 1936, vol. 11, Oct., pp. 507-520). The 
author discusses developments in furnaces and equipment for the 
heat treatment of ferrous and non-ferrous wire, with special reference 
to the control of the atmosphere and temperature. Experiments 
on the bright annealing of high carbon steel wire are described, 
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The Heat Treatment of Grey Cast Iron in Order to Develop 
Maximum Breaking Loads. S. Pilarski and L. Szenderowski. 
(Wiadomosci Instytutu Metalurgji i Metaloznawstwa, 1936, vol. 3, 
No. 3, pp. 119-129). The usual treatment applied to cast iron in 
order to increase its mechanical properties consists of quenching 
and tempering, but this is too drastic and leads to defects. On 
the basis of work by Davenport and Bain, the authors have ex- 
perimented on a method consisting of a mild quenching only; 
they used compressed air, a stable emulsion and a salt bath, and 
their tests were made on a high-phosphorus iron, a low chromium- 
nickel iron, and three irons containing various proportions of 
molybdenum. The results obtained are set out in full; in all cases 
they were superior to those given by the ordinary method of 
quenching and tempering. 

Scale-Free Heat Treating of Automobile Axles Continuously 
in Automatic Equipment. (Industrial Heating, 1936, vol. 3, Nov., 
pp. 768-769). Particulars are given of the practice at an American 
plant for the hardening, quenching and oil-drawing of automobile 
axles. The heat treatment is carried out in a controlled atmosphere 
in automatic, continuous conveyor-type furnaces. 

High-Speed Tool Steel. J. P. Gill. (Edward de Mille Campbell 
Lecture: Metal Progress, 1936, vol. 30, Nov., pp. 42-48). The 
author shows how the distribution of excess carbides in high-speed 
steel should be controlled by forging and heat treatment to give 
the best cutting tools. The effect of the furnace atmosphere 
during hardening on the grain size is also dealt with. 

Hardening Razor Blade Steel by a New Process. A. R. 
Stargardter. (Metals and Alloys, 1936, vol. 7, Oct., pp. 253-256). 
At the plant of the Gillette Safety Razor Co., Boston, Mass., the 
strip steel used for the production of safety razor blades is hardened 
in a battery of 18 high-frequency furnaces. The furnaces are 
equipped with nichrome mufiles through which the steel strip passes. 
Each furnace is equipped with two contacts, one for accelerated 
heating, and the other for holding at a constant heat input. This 
system is controlled by an electromagnetic controller consisting of 
balanced step-down transformers with bucked secondaries in which 
the steel is tested against a standard piece of known characteristics. 
Any deviation in original microstructure producing a hardened 
structure with magnetic properties at variance with the controlling 
standard piece produces a compensating furnace heat change either 
by closing the accelerated heating circuit or by throwing off the 
current entirely. The plant has been in operation for over three 
years and a constant supply of hardened and tempered strip is 
produced with a degree of uniformity unobtainable by any other 
means. Micrographs of the strip during various stages in the 
treatment are shown. 
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WELDING AND CUTTING 


(Continued from pp. 72 A-74 4) 


A List of Fundamental Research Problems in Welding and 
Reviews of Recent Welding Literature. (Journal of the American 
Welding Society, 1936, vol. 15, Nov., Supplement). Particulars 
are given of the research investigations of welding problems in 
course of preparation or projected in America under the auspices 
of the Engineering Foundation, and a review is included of recently 
published literature on welding. 

Some New Applications of the Oxy-Acetylene Flame and of 
Oxygen in the Siderurgical Industry. Rochette de Lempdes, 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1985: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Sept., pp. 556-559). (See Journ. I. and S.I., 1936, 
No. II., p. 165). 

Filler Metal for Oxy-Acetylene Welding. Mercier. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936 
vol. 33, Sept., pp. 553-555). (See Journ. I. and §.I., 1936, No. IL., 
p. 1644). 

Characteristics of a Universal Welding Generator. N. F. Ward. 
(Journal of the American Welding Society, 1936, vol. 15, Nov., 
pp. 2-7). Illustrated particulars are given of a universal welding 
generator, by the use of which satisfactory welds can be produced 
in a single pass in both light-weight and heavy plate. 

Technical Specifications Regarding Covered Electrodes for the 
Electric Arc Welding of Ordinary Steels. (Revue de la Soudure, 
Autogéne, 1936, vol. 28, Dec., pp. 2-3). The draft specifications, 
drawn up by the French Comité de Normalisation de la Soudure, 
is reproduced. It deals with the dimensions of the wires or rods, 
the costing, the marking, &c., of the electrodes, the classification 
of the electrodes and the mechanical properties of the deposited 
metal, and the conditions in which tests shall be carried out. 

Electric Arc Welding of Steels Other Than Mild Steels. F. 
Meunier and D. Rosenthal. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935: 
Revue de Métallurgie, Mémoires, 1936, vol. 33, Oct., pp. 588-593). 
(See Journ. I. and §.1., 1936, No. IT., p. 1644). 

Some General Aspects of Naval Construction. Present Develop- 
ment of Arc Welding. H. E. Jaeger. (Revue Universelle des 
Mines, 1936, vol. 12, Nov., pp. 454-460). The author first presents 
some new aspects of the stresses in a ship’s hull and its design, and 
then touches on modes of construction, concluding with some notes 
on the use of arc welding for assembling the parts. 
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Welded Structures in the Construction of Locomotives. E. 
Kalisch. (Technische Mitteilungen Krupp, 1936, vol. 4, Nov., 
pp. 164-168). The author deals chiefly with the replacement of 
copper as the material for constructing locomotive fireboxes by 
non-ageing steel, and particularly Izett steel. The types of steel 
permitted by the German authorities for welded fireboxes and their 
staybolts are indicated, together with the mechanical properties 
required. 

The Welding of High-Tensile Boiler-Plate Steels. H. Aysslinger, 
P. Jessen and W. Stéckmann. (Mitteilungen aus den Forschungs- 
anstalten des Gutehoffnungshiittekonzerns, 1936, vol. 4, Nov., 
pp. 220-230). The Gutehoffnungshiitte company have developed 
a new coated electrode, put on the market under the name “ Pan,” 
which can be used for welding all kinds of boiler-plate steels and 
structural steels St 37, St 42 and St 52. In this article the authors 
give the results of tensile (hot and cold), bending and notched-bar 
tests made on specimens (high-tensile) of boiler-plate steel welded 
with this type of electrode. As heat treatment had no effect on 
the properties of the welds they were tested in the unheat-treated 
condition. 

A 2-8-2 Locomotive with a Welded Boiler. KE. Kalisch. 
(Technische Mitteilungen Krupp, 1936, vol. 4, Nov., pp. 168- 
171). An illustrated description is given of the welded boiler for a 
2-8-2 (1-D-1 in German) type tender locomotive, with notes on 
the steels used for the various parts and their mechanical properties. 

Welded Boiler Drum Practice. A. J. Moses. (World Power 
Conference, Pittsburgh, Sept., 1936: Journal of the American 
Welding Society, 1936, vol. 15, Nov., pp. 18-21). Boiler plates 
up to 5 in. in thickness are employed in the construction of welded 
boiler drums. Where the thickness exceeds 2 in. the plates are 
normalised before forming, and a subsequent drawing treatment 
is sometimes given to facilitate the forming operation when this is 
performed cold. The shaping of tlie plates is done under hydraulic 
presses. For welding, the electric metallic arc method, using 
heavily coated electrodes, is the accepted practice. 

Resistance Welding in Steel Mills. W. Anderson and M. Clark. 
(Iron and Steel Engineer, 1936, vol. 13, Nov., pp. 20-22). The 
authors discuss several problems in the application of resistance 
welding to the joining of coils in the continuous pickling and rolling 
of sheet and strip. 

Commercial Welding as Applied to Steel Mills. H. A. Woofter. 
(Iron and Steel Engineer, 1936, vol. 13, Nov., pp. 31-32). <A brief 
discussion of the use of flash welding for the joining of sheets and 
strip in the continuous pickling, rolling and annealing operations. 
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CLEANING AND PICKLING OF METALS 


(Continued from p. 27 A) 


Inhibitors and Their Probable Mechanism. G. W. Esau. (Iron 
and Steel Engineer, 1936, vol. 13, Nov., pp. 33-38). The author 
enumerates the requirements of a good pickling inhibitor, and 
discusses the mechanism of the inhibiting action. 

The Pickling of Tubes, a Process of Technical and Economic 
Importance in the Galvanising and Tinning of Tubes. IF. Gerber. 
(Internationale Réhrenindustrie, 1936, No. 11, Dec., pp. 4-5). A 
note on the pickling of steel tubes in preparation for galvanising 
or tinplating. 

Accidents due to Arseniuretted Hydrogen during Pickling. 
E. J. Kohlmeyer. (Stahl und Eisen, 1936, vol. 56, Oct. 1, pp. 
1212-1213). The author points out the danger of the evolution 
of arseniuretted hydrogen during pickling or, in fact, the treat- 
ment of many metals by acids containing arsenic. Musatti and 
la Falce have suggested that in the examination of zine coatings on 
iron, the zinc can be rapidly removed by treatment in an acid solu- 
tion containing arsenious oxide. The present author agrees that 
when carried out on small specimens and under a hood, no danger is 
likely to arise, but he fears that this laboratory process may be 
transferred to the works—with fatal results; he adds that the 
addition of arsenic to pickling solutions has already been suggested 
in German publications. 

The Question of the Danger of Arseniuretted Hydrogen during 
the Pickling of Steel. (Stahl und Eisen, 1936, vol. 56, Dec. 10, 
pp. 1508-1510). O. Vogel criticises the paper by Kohlmeyer 
referred to in the preceding abstract; while he agrees as to the 
dangerous character of arseniuretted hydrogen as such, he thinks 
that the danger from it during the pickling of steel is not so great 
as Kohlmeyer would make out. Kohlmeyer replies shortly, saying 
that it was his intention solely to point out the possible dangers 
arising from the handling of pickling solutions containing arsenic 
and not to deal specifically with the pickling of steel only. 
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COATING OF METALS 


(Continued from pp. 28 4-32 A) 


British Standard Glossary of Terms Used in Electrical Engineering. 
(British Standards Institution, No. 205, 1936). Sub-section 63 
of Section 6 of this glossary gives definitions of terms used in electro- 
metallurgy, including electroplating, electro-typing and electrolytic 
refining. 

Plating Equipment—Materials of Construction. E. M. Baker. 
(Metals and Alloys, 1936, vol. 7, Nov., pp. 287-289, 296). The 
various materials used in the construction of baths and other 
plating equipment are summarised. 

Electroplating Plant and Practice. (Metallurgia, 1936, vol. 14, 
Oct., pp. 177-178). A brief illustrated description is given of the 
plant and practice at the works of the Société pour la Fabrication 
des Projecteurs Electriques Marchal, for nickel, chromium and 
cadmium plating. 

The Determination of pH Values in Plating Solution. R. Springer. 
(Metal Industry, 1936, vol. 49, Nov. 27, pp. 541-542). The author 
describes a rapid method of determining the pH values of nickel 
plating solution which involves the use of pH test papers. 

Development of Control in Electrodeposition. A. W. Hothersall. 
(Sheet Metal Industries, 1936, vol. 10, Oct., pp. 791-792). The 
two stages of cleaning and deposition in electrodeposition are 
described. Special attention is devoted to the control of acidity, 
the control of defects in deposits, and the control of the protective 
value of electrodeposited coatings. The structure and properties 
of electrodeposited coatings are discussed. 

Bright Nickel Plating. A. H. Beebe. (Metals and Alloys, 
1936, vol. 7, Oct., pp. 273-274). The author discusses briefly the 
characteristics of bright nickel deposits, the types of plating bath 
used, and the advantages of the use of bright nickel. 

Improved Method for Electrodepositing Alloys. H. Kersten and 
W. T. Young. (Industrial and Engineering Chemistry, 1936, 
vol. 28, Oct., pp. 1176-1177). A description is given of a method 
for the electrodeposition of iron-nickel alloys. The bath is kept 
saturated with nickel formate, and ferrous sulphate is added con- 
tinuously or at frequent intervals, An insoluble anode is used, 
and the pH of the solution is kept constant by frequent additions 
of a neutralising substance or by passing the electrolyte continuously 
over a solid neutralising substance. The process is timited to those 
cases where one of the metals can be electrodeposited from a 
saturated solution, where the solutions do not react disadvantage- 
ously with each other chemically, and where a suitable neutralising 
substance can be found. 
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Surface Protection by Rhodium-Plating. F. Kiich. (Zeitschrift 
des Vereines deutscher Ingenieure, 1936, vol. 80, Nov. 14, pp. 
1388-1389). The price of rhodium, which before the war was about 
ten times that of platinum, has been reduced very considerably, 
owing to comparatively large quantities becoming available through 
its recovery from the Canadian nickel ores. It is highly resistant 
to corrosive media; it is not attacked by aqua regia. It is easily 
deposited electrolytically, and no expensive plant, such as is required 
for chromium-plating, is needed; the throwing power of the bath 
is high, so that deep hollows, &c., are well covered. With a bath 
voltage of 2-2-5 v. and a current density of 0-3-0-5 amp. per sq. 
dm., deposition for 3 min. will produce a coating giving adequate 
protection to a surface which is not subjected to heavy mechanical 
effects. 

Aluminium Coatings on Iron. A. von Zeerleder. (Korrosion 
und Metallschutz, 1936, vol. 12, Oct., pp. 275-283). The article 
summarises the nine principal processes for the coating of iron 
with aluminium, namely, iron-aluminium alloying, calorising, 
alitising, treatment with aluminium chloride vapour, alumetising, 
painting with aluminium bronze, aluminium galvanising, dipping 
process (DIP process) according to Dellgren, C. Fink, or Nilson, 
and “ plating ” by rolling either hot or cold. 

The Electrodeposition of Zinc. G. D. Hogaboom. (American 
Electro-Platers’ Society : Metal Industry, 1936, vol. 49, Dec. 11, 
pp. 589-591). The author discusses a number of factors to be 
considered in the production of good-quality zinc coatings by 
electrodeposition. 

Current Practices in Wire Galvanising as They Affect Ductility 
and Other Properties. C.W. Meyers. (Steel, 1936, vol. 99, Oct. 12, 
pp. 78-80, 107; Oct. 19, pp. 50-52). The author discusses the 
characteristics of modern galvanised coatings and compares the 
various methods in use to-day for the application of zinc to steel 
wire. The alloying action between the steel wire and the zinc 
coating, resulting in the formation of an iron-zine alloy, is 
described. 

Production of Galvanised-Sheet Ware. E. Siebel. (Stahl und 
Eisen, 1936, vol. 56, Nov. 19, pp. 1382-1385). The manufacture 
of a galvanised pail and a galvanised skylight, the machines used 
and the galvanising procedure are described and illustrated. It 
is shown how, by altering the method of manufacture and replacing 
the “‘ wet” galvanising process (dipping the article, still wet after 
pickling, into the zinc through a flux floating on its surface) by the 
“dry ” process, an economy of 20-25% of zinc can be effected. 

Spangle on Galvanised Sheets. V. A. Wardell. (B.H.P. 
Review, 1936, vol. 13, Aug., pp. 1-3). The author discusses the 
production and control of spangled coatings on galvanised sheets. 
It is pointed out that many galvanised sheets at the present time 
are produced without the spangle finish and it is predicted that the 
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future may witness the gradual disappearance of the spangled 
coating on galvanised goods. 

Adhesion of Galvanised Coatings on Steel Wire. E. H. Lyons, 
jun. (Wire and Wire Products, 1936, vol. 11, Nov., pp. 655-656, 
674). Reference is made to the Meaker electrogalvanising process 
in which deposits are obtained at current densities ranging up to 
1500 amp. per sq. ft. No particulars of the process are given. 

Tinplate and Tin Cans in the United States. (Bulletin of the 
International Tin Research and Development Council, Oct. 
1936, No. 4). The development of the tinplate industry in the 
United States is surveyed, and a complete account is given of manu- 
facturing methods. The applications of tinplate and the manufacture 
of tin cans are also dealt with. The future of the American tinplate 
industry is discussed and a statistical review is included. 

Spraying of Molten Metal. L. E. Kunkler. (Mechanical 
Engineering, 1936, vol. 58, Oct., pp. 639-640). The author dis- 
cusses the preparation of the surface for metal spraying, the wearing 
quality of the sprayed surface, the grinding, machining and bond 
strength of sprayed coatings, and various applications of the metal 
spraying process. 

Some Recent Applications of Metallisation. (Soudeur-Coupeur, 
1936, vol. 15, Oct., pp. 1-8). The coating of objects with sprayed 
metals (metallisation) and a number of recent applications of the 
process to various structures are described and illustrated. 

Design of Sheet and Cast-Iron Parts for Vitreous Enamelling. 
J. H. Coupe. (Institute of Vitreous Enamellers: Foundry Trade 
Journal, 1936, vol. 55, Nov. 5, pp. 356-358). The author discusses 
the requirements to be met in the design of parts for vitreous 
enamelling, and takes as an example the cast-iron and sheet-iron 
parts used in the construction of an electric cooker. 

Modern Tendencies in Vitreous Enamelling. S. Hallsworth. 
(Institute of Vitreous Enamellers: Sheet Metal Industries, 1936, 
vol. 10, Nov., pp. 869-878). A survey of developments in the 
vitreous enamelling of sheets and cast iron. 

The Preservation of Iron and Steel by Means of Paint. L. A. 
Jordan and L. Whitby. (Research Association of British Paint, 
Colour and Varnish Manufacturers, 1936, Bulletin No. 16). The 
authors present a summary of existing information on anti-corrosive 
paint materials, and describe the theories underlying their use. 
They discuss the protective value of paint on iron and steel, the 
effects of the pigment and medium in anti-corrosive paints; the 
effect of the pigment-medium ratio, bituminous paints and bitumins, 
driers and their relation to paint durability, the effect of the method 
of application on paint durability, the effect of the metal surface 
on paint durability, the effect of composition of the metal on paint 
durability, and the question of paint specifications. 
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PROPERTIES AND TESTS 


(Continued from pp. 75 4-86 A) 


Recent Tendencies in the Study of the Mechanical Properties 
of Metals and Alloys. L. Guillet, jun. (Société des Ingénieurs 
Civils, Oct. 23, 1936: Génie Civil, 1936, vol. 109, Nov. 14, pp. 
433-436). The author first reviews recent developments i in methods 
for carrying out tests for determining the endurance, the elastic 
modulus, the hardness and the mechanical properties at raised 
temperatures of metals, and then discusses the influence of the 
micrographic, crystalline and atomic structure on the mechanical 
properties of the materials. 

Development of Measuring Methods in Shite. E. Scheil. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Nov. 28, 
pp. 1466-1468). Progress in metallurgy has been closely connected 
with the development of methods of investigation. The author 
reviews advances made in chemical analysis, microscopy, thermal 
analysis, the measurement of length, mechanical, magnetic and 
electrical properties, and in X-ray work. 

The Maladies of Metals, Epidemics and Contagions. A. 
Holland. (Bulletin de la Société d’ Encouragement pour |’ Industrie 
Nationale, 1936, vol. 135, Oct.-Nov., pp. 593-608). The author 
discusses some of the defects which may develop in metals and 
alloys, such as season-cracking in brass and the decay of tin; he 
deals in some detail with the fissuration of steel rails. 

The Elastic Modulus of Cast Irons. A. Mitinski. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Aug., pp. 498-501). (See Journ. I. and S.I., 1936, No. II., 
p. 168 A). 

The Determination of the Qualities of Metals in Thin Sheet 
Form by Cupping Tests. H. Fournier. (Bulletin de la Société 
d’Encouragement pour I’Industrie Nationale, 1936, vol. 135, 
Oct.-Nov., pp. 585-592). The author presents a comparative 
study of the Persoz, the Erichsen and the Siebel and Pomp cupping 
tests. For very ductile metals, the Siebel and Pomp test appears 
to be preferable; it is also capable of revealing very small changes 
of properties, as the author shows for the case of overheating and 
intercrystalline corrosion. On the other hand the Persoz or Erichsen 
tests are superior for metals of medium ductility, and in particular 
for determining the variation of their properties as a function of 
mechanical or heat treatment. The relation between the Siebel 
and Pomp test results and the tensile strength is only approximate ; 
a similar relation exists in the case of the Persoz and the Erichsen 
tests. 
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Use of a Differential Extensometer for the Measurement of the 
Stresses in the Wall of a Straight Corrugated Tube. H. De Leiris. 
(Bulletin de la Société d’Encouragement pour |’ Industrie Nationale, 
1936, vol. 135, Oct.-Nov., pp. 620-630). The author describes the 
application of a differential extensometer to the measurement of 
the stresses set up in a straight corrugated metal tube when subjected 
to internal pressure, and the test results obtained. 

Methods of Measuring Vibration and their Application in Practice. 
H. W. Koch and W. Zeller. (Zeitschrift des Vereines deutscher 
Ingenieure, 1936, vol. 80, Nov. 28, pp. 1440-1446). A review of 
the latest methods of measuring vibration, suitable for laboratory 
and practical use. 

esting Machines for Determining Fatigue Strength. H. Oschatz. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Nov. 28, 
pp. 1433-1439). The author reviews the basic principals of the 
construction of fatigue testing machines, and describes a number 
of types. 

Mechanical Tests to Determine the Fatigue Strength of Steel 
Wires. P.R. Clark. (Moniteur du Pétrole Romain, 1936, No. 21, 
Nov. 1, pp. 1587-1590; No. 22, Nov. 15, pp. 1653-1659). After 
mentioning a number of fatigue tests for steel wires that have been 
suggested by various authorities, the author describes and illustrates 
the Haigh-Robertson machine, and explains the formule employed 
in using it. 

Stress Analysis of Locomotive and Other Large Axles. T. V. 
Buckwalter and O. J. Horger. (Lron and Steel Engineer, 1936, 
vol. 13, Nov., pp. 23-26). It is shown that the fatigue strength 
of a 2-in. axle with a pressed-on member is only one-half to one- 
third of that of an axle without a pressed-on member. Surface 
rolling of the axles at the press-fit portion improves the fatigue 
strength. The technique of the surface rolling process is described. 

Development of Surface Pressing Up to Date. O. Féppl and W. 
Wagenblast. (Werkzeugmaschine, 1936, vol. 40, Mid-Nov.). 
Fatigue fractures in constructional parts usually start from the 
surface; for this reason, small surface blemishes, though they may 
appear to be unimportant and may be hardly discernible with the 
naked eye, may reduce the fatigue strength considerably. At one 
time it was thought that very careful preparation of the surface 
would avoid this trouble, but no improvement was obtained. It 
was found that punch marks and chisel cuts were much less dangerous 
than file marks, and, even though the fatigue fracture started from 
the damaged area it avoided the work-hardened base of the “ notch.”’ 
This led to the suggestion that the resistance to fatigue should be 
increased by work-hardening the surface, by hammering, &c., or by 
pressing on the piece with heavily-loaded rollers; in the latter case 
the pressure must be sufficient for the metal to be stressed locally 
above its yielded point, and comparatively small rollers are used. 
The authors describe the application of this principle to the treat- 
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ment of various shapes of surface such as cylinders and rods, threads, 
bore-holes, keyways, &c. This surface pressing also decreases the 
tendency to corrosion-fatigue. 

How and When Does a Fatigue Crack Start? H. F. Moore. 
(Metals and Alloys, 1936, vol. 7, Nov., pp. 297-299). The author 
discusses briefly the behaviour of metal under repeated stress and 
outlines methods for detecting fatigue cracks. The X-ray diffrac- 
tion method of detecting the beginning, or at least an early stage, 
of fatigue crack development seems to be a most promising field 
of research. 

Temper-Brittleness. T.D. Waterfall. (Iron and Steel Industry, 
1936, vol. 10, Nov., pp. 179-180). In discussing the phenomenon 
of temper-brittleness the author presents the results of tests which 
show the effect of the rate of cooling on the impact resistance of 
oil-quenched and furnace-cooled specimens of low nickel-chromium 
steel. 

The Variation of the Magnetic Properties of Ferromagnetic 
Laminge with Frequency. ©. Dannatt. (Journal of the Institution 
of Electrical Engineers, 1936, vol. 79, Dec., pp. 667-680). The 
author deals with the variation of permeability and losses in ferro- 
magnetic laminz over a frequency range from 0 to 3 x 10® cycles. 
After a brief description of test methods, the results are given for 
4% silicon steel, mumetal and rhometal. The eddy loss observed 
at low frequency is shown to differ from the calculated loss, and an 
explanation of the effect is given. Medium-frequency performance 
is discussed briefly, and finally it is shown that at high frequency, 
permeability is influenced mainly by the depth of flux penetration 
in relation to the size of the self-saturated magnetic regions. 

Evidence is offered tending to show that hysteresis loss is absent 
at high frequency, but that an increased eddy loss occurs at high 
frequencies from causes similar in origin to those producing the 
increased loss at low frequencies. 

Electro-Magnetic Control of Siderurgical Products. B. Jousset. 
(Revue de Métallurgie, Mémoires, 1936, vol. 33, Aug., pp. 525- 
526). The author was faced with the problem of determining 
accurately and quickly the hardness of hardened steel rings for 
ball bearings. He found that there was a relation between the 
hardness and the magnetic permeability of the metal. He describes 
very briefly his electro-magnetic test for hardness based on this 
relationship. 

Principles of Magnetic Tests. P. Bricout. (Revue de Métal- 
lurgie, Mémoires, 1936, vol. 33, Oct., pp. 638-640). After pointing 
out the utility of a test which is rapid and at the same time does 
not damage the specimen, the author discusses the use of magnetic 
tests for determining mechanical properties. The interpretation 
of such tests is difficult, however, because sufficient knowledge of the 
relation between the nature of a metal or the composition of an 
alloy, the temperature, the degree of quenching or cold-work to 
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which it has been submitted and its magnetic properties is not 
available. The author states that conclusions as to the identity 
of the magnetic properties of two samples—and, by extrapolation, 
to the great probability that their compositions and structures are 
the same—can be drawn only if their magnetic permeabilities remain 
constantly equal for all values of the alternating magnetic field to 
which they are submitted; hence, the only correct magnetic test 
consists in determining the identity of the instantaneous electro- 
motive forces produced by variations of the flux within the samples 
when subjected to the same alternating field. A short description 
is given of an apparatus devised by the author in collaboration 
with R. Salomon (see Comptes Rendus, 1934, vol. 199, p. 529), 
which is based on this principle. At present, however, it is possible 
to show only similarity or dissimilarity between two specimens, 
which must be of the same size, of homogeneous steel and of good 
quality; thus, it is possible by this means to control only one 
treatment of the material at a time. 

.An Industrial Appliance for Determining the Conductivity of 
Metals up to 900°. G. Ranque, P. Henry and M. Chaussain. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Oct., pp. 602-608). (See Journ. I. and S.I., 1936, 
No. II., p. 171 a). 

Simple Apparatus for the Measurement of Thermal Expansion. 
J. W. Bampfylde. (Bulletin of the British Cast Iron Research 
Association, 1936, vol. 4, Oct., pp. 389-390: Foundry Trade 
Journal, 1936, vol. 55, Nov. 26, p. 417). The dilatometer described 
consists essentially of two parts, namely, a measuring microscope 
reading to 0-001 mm. and an expansion apparatus, both fixed to a 
base plate. An expansion curve of a cast-iron specimen obtained 
with the apparatus is shown. 

The Method of Thermal Autostabilisation and Long-Time Tests 
at Raised Temperatures. G. Ranque and P. Henry. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Oct., pp. 598-601). (See Journ. [. and §.I., 1936, No. IL., 
p. 1714). 

The Interpretation of Creep Tests. (Metal Treatment, 1936, vol. 2, 
Autumn Issue, pp. 148-154). An English translation of an article 
by F. Gentner in Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, 
Mar., pp. 441-450. Creep curves are divided into three basic 
types depending on whether they are parabolic, hyperbolic or 
logarithmic. (See Journ. I. and §.1., 1936, No. II., p. 39 4). 

Research and the Iron and Steel Industry. IIl—High and Low 
Temperatures, Heat Resistance, Age-Hardening and Thermal and 
Mechanical Treatment. J. W. Donaldson. (Iron and Steel 
Industry, 1936, vol. 10, Nov., pp. 151-155). A review of published 
information on the effect of temperature on metals, the properties 
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of heat-resistant materials, age-hardening, thermal treatment, and 
the drawing of metals. 

Properties of Nickel Alloy Steels at Low Temperatures. (Nickel 
Bulletin, 1936, vol. 9, Dec., pp. 253-256). Some of the results 
obtained and the conclusions reached by a number of investigators 
on the impact properties of nickel steel at low temperatures are 
summarised. 

Gases in Ferrous Materials. H. Ellis. (Iron and Steel Industry, 
1936, vol. 10, Nov., pp. 149-159). Theauthor discusses the various gases 
present in iron and steel, their formation and mode of occurrence. 

The Mode of Penetration of Nitrogen into Ferrite and its Hardening 
Effect. H. De Rycker. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935: 
Revue de Métallurgie, Mémoires, 1936, vol. 33, Oct., pp. 585-587). 
(See Journ. I. and 8.1., 1936, No. II., p. 1614). 

Mechanical Properties of Steels Treated with Hot Hydrogen 
under Pressure. L. Jacqué. (Académie des Sciences, Nov. 9, 
1936: Génie Civil, 1936, vol. 109, Nov. 28, pp. 486-487). The 
author reports the results of a research in which specimens of a 
number of steels with various low proportions of nickel, chromium, 
molybdenum and vanadium, were heated at 500-550° C. in hydrogen 
at a pressure of 150 kg. per sq. cm. for stated periods. The resulting 
changes: of weight were noted, also micrographic and mechanical 
tests and chemical analysis were made, and the results are recorded. 
The author concludes that the decrease of tensile strength caused 
by the hydrogen treatment increases with the carbon content and 
is decreased by quenching and tempering. In general, in those 
bars of which the mechanical properties were depreciated by the 
treatment, more or less intense decarburisation occurred, but 
certain Cr—Mo steels retained their mechanical properties unimpaired, 
and their losses of weight were negligible. Some of the specimens 
swelled markedly, owing apparently to the absorption of hydrogen. 
The addition of nickel was apparently not beneficial, in fact it seemed 
to be detrimental; likewise, 0-5°/, of chromium added to a semi- 
hard 2°%, nickel steel improved the resistance to attack insufficiently 
to be worth while. Steels containing 3-6% of chromium, 0-5% 
of molybdenum, no nickel and very little carbon, however, appeared 
to solve the problem of resistance to the influence of hydrogen at 
high temperatures under high pressures. 

Ni-Tensyl. (Mond Nickel Co., Ltd., Bureau of Information on 
Nickel, 1936). The manufacture, properties and applications of 
Ni-Tensyl, a high-duty nickel cast iron, are described. 

The Present State of the Technique of High-Duty Cast Irons in 
France. A. Le Thomas. (International Foundry Congress, 
Diisseldorf, Sept. 20, 1936: Génie Civil, 1936, vol. 109, Oct. 24, 
p. 364). Short notes are given on the properties of medium- 
chromium, nickel-chromium, ferritic chromium, silicon and austenitic 
nickel-copper-chromium cast irons. 
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New Materials and Processes in the Field of Engineering. L. W. 
Johnson. (Journal of the Institution of Production Engineers, 
1936, vol. 15, Dec., pp. 645-690). A review of developments in 
the production of special steels, cast irons and non-ferrous alloys 
available for use in the engineering industry. 

Germans Develop New Stainless Steel. (Iron Age, 1936, vol. 
138, Dec. 3, p. 61). Reference is made to a new type of stainless 
steel known as Roneusil developed by Rochlingstahl, G.m.b.H., 
Volklingen, which is said to contain from 8 to 9% of chromium 
and 12% of manganese. The metal possesses a whiter colour than 
carbon steel and resembles silver in appearance. It takes a high 
polish and is used principally for table wear. 

Mechanical Properties and Heat Treatment of Structural Steels 
with Inverted Cr: Ni Ratio. T. Biernacki and L. Bukowiecki. 
(Wiadomosci Instytutu Metalurgji i Metaloznawstwa, 1936, vol. 3, 
No. 3, pp. 157-169). The authors present the results of tests made 
on the heat treatment and mechanical properties of steels containing 
0-17-0-53%, of carbon, about 2-8%, of chromium and about 1-5% 
of nickel. The mechanical properties of these steels, in which the 
chromium /nickel ratio is 2 : 1, equal and even surpass those of the 
steels usually employed in which the chromium/nickel ratio is 1 : 3. 
With suitably selected contents of nickel and molybdenum, an 
increase in the carbon content does not set up brittleness; on the 
contrary, it produces steels of very great strength. Owing to the 
higher chromium contents in the steels studied (as compared with 
the Cr-Ni steels in normal use), their Ac, and Ac, points are raised ; 
this makes annealing and tempering possible at higher temperatures, 
and as a result the hardness decreases (giving good machinability), 
the ductility rises and the tensile strength (depending on the carbon 
content) remains satisfactory. There are two temperature ranges 
which are particularly suited for the tempering of the steels 
examined; a hard condition is produced at temperatures not 
exceeding 200° C., and a semi-hard or soft condition between 600° 
and 700° C. The depth-hardening of these steels when quenched 
in large sections is good. These steels are easily case-hardened ; 
after suitable heat treatment, the hardness of the skin is high and 
the core is strong and has good mechanical properties. 

Steels and Special Alloys for Aircraft Motor Valves. (Luftfahrt- 
forschung, 1936, No. 3: Génie Civil, 1936, vol. 109, Oct. 31, pp. 
388-389). The alloy steels which are suitable for the exhaust 
valves of aircraft motors are briefly enumerated, and the influence 
of various alloying elements on the mechanical properties at high 
temperatures is indicated. ‘The corrosion resistance of the various 
steels is commented on. Thermal conductivity, the cooling of the 
valves, stelliting and the guides and seatings of valves are also 
touched on. 

Routine Inspection of Automotive Parts. J.G.Gagnon. (Metal 
Progress, 1936, vol. 30, Sept., pp. 33-38). The author describes the 
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routine testing prior to machining which takes place in the laboratory 
of the Hudson Motor Company. 

Present Trend in Alloy Construction Steels. J. A. Jones. (Mid- 
land Metallurgical Societies: Iron and Coal Trade Review, 1936, 
vol. 133, Nov. 13, pp. 854-855: Metallurgia, 1936, vol. 15, Nov., 
pp. 21-22). A review of developments in the production of alloy 
steels. The effects of nickel, chromium, manganese, vanadium 
and molybdenum are noted. 

The Present Position of Special Steels for the Heavy Oil Engine. 
S. F. Dorey. (Diesel Engine Users Association, London, Oct. 12, 
1936). The materials which are at present being used for the 
manufacture of the more important parts of a heavy oil engine are 
listed, and details are given of the chemical composition, heat- 
treatment and mechanical properties of some of the more generally 
used steels. Since the choice of a suitable material is governed 
by the conditions under which the part has to operate, the author 
discusses the special steels under the following headings : Resistance 
to fluctuating stresses at normal and high temperatures, resistance 
to wear, and resistance to corrosion or chemical attack. 

Metallurgical Needs of the Glass Industry. R.D.Smith. (Metals 
and Alloys, 1936, vol. 7, Sept., pp. 217-220; Oct., pp. 263-267). 
In the second instalment of this article, the author discusses the 
use of cast iron for the production of moulds used in the glass 
industry and gives compositions of suitable irons. The use of 
stainless steel and chromium-plated moulds is also referred to. 

Some Applications of Nickel Alloys in the Glass Industry. (Nickel 
Bulletin, 1936, vol. 9, Nov., pp. 229-233). A review of the heat- 
resistant nickel cast irons and nickel-chromium steels available for 
use in the glass industry. Examples of the use of these alloys in 
typical glass-making equipment are given. 

Free-Cutting Steels. (Metal Treatment, 1936, vol. 2, Autumn 
Issue, pp. 119-124). A summary in English of the investigations of 
W. Pagel, K. Stein, F. Rapatz and O. Weidtmann on the properties 
of free-cutting steels. 

Steel Castings. J. D. Watson. (Machinery, 1936, vol. 49, 
Nov. 12, pp. 196-198). A brief discussion of the application of 
steel castings to machine construction, several examples being 
given. The types of alloy steel used, and the design and production 
of the castings are touched upon. 

Cast Cam and Crankshafts. H. Cornelius and F. Bollenrath. 
(Foundry Trade Journal, 1936, vol. 55, Nov. 26, pp. 411-413: 
Metal Treatment, 1936, vol. 2, Autumn Issue, pp. 125-129, 131). An 
abridged English translation of an article in which the authors 
summarise the properties of the metals used in the production 
of cast cam- and crank-shafts, and review the reasons which have 
led up to the replacement of forged shafts by cast shafts. The 
original article appeared in Giesserei, 1936, vol. 23, May 8, pp. 
229-236. (See Journ. I. and 8.I1., 1936, No. II., p. 79). 

K 
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Tests on Spring Materials Regarded as a Basis of Calculation. 
R. Mossoux. (Seventh International Congress on Mining, Metal- 
lurgy and Applied Geology, Paris, Oct. 20-26, 1935, Metallurgical 
Section, vol. II., pp. 311-313: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Oct., pp. 609-611). 

Instrument Springs. J. W. Rockefeller, jun. (Wire and Wire 
Products, 1936, vol. 11, Nov., pp. 631-639). The author deals 
with the design and properties of the springs used in measuring 
instruments, and discusses the relative merits of extension springs 
and compression springs, the twist of a helical spring under axial 
load, mechanical hysteresis, creep under load, and the effect of 
temperature on the modulus of elasticity. 

Metallurgy of Rail Steels. H. W. Gillett. (Metals and 
Alloys, 1936, vol. 7, Oct., pp. 243-249). A survey of information 
published during the last 25 years on the properties of rail steels, 
with special reference to the formation of shatter cracks and fissures 
and their elimination. Developments in the heat treatment of 
rails are reviewed. 

Sheet Metal Appraised by Hardness, Ductility and Grain Size. 
E. E. Thum. (Metal Progress, 1936, vol. 30, Sept., pp. 46-48, 92). 
The article reviews the inspection tests of sheet metal and shows how 
the quality is adequately controlled by chemical composition, heat 
treatment, grain size, hardness, tensile strength and elongation. 

Jaws of Safety Devices for Mine Cages. L. Lahoussay. (Revue 
de I’Industrie Minérale, Mémoires, 1936, No. 379, Oct. 1, pp. 1017- 
1023). The author describes experiments made to determine the 
most suitable material for the manufacture of the jaws or wedges, 
forming part of the safety devise on mine cages, which grip the 
guides in the event of an emergency. He first indicates the forces 
concerned when the teeth of the jaws are pressed into a guide made 
of railway rail. He then gives details of mechanical tests made 
on experimental jaws with teeth of different shapes; some of the 
steels (carbon 0-10-0:15%,, nickel 2-5-3-0%, chromium 0-6-0-8%) 
were case-hardened and quenched, while others (carbon 0-35%, 
nickel 2-5°%, chromium 0-8-1-0%) were oil-quenched and tempered. 
The author states that more tests are desirable, but that it appears 
that in order that the teeth of the jaws may be forced well into rail 
steel with a hardness of 200-220, the surface hardness of the jaw 
must be about 500; otherwise the teeth are simply bent over. 

Metal Rod and Tube Presses and their Tools. S. Plankensteiner. 
(Stahl und Eisen, 1936, vol. 56, Dec. 10, pp. 1497-1504). After 
reviewing the processes used for pressing tubes, rods and wires 
out of non-ferrous metals and the characteristics required in the 
tools used, the author discusses the alloy steels which in his ex- 
perience have proved most suitable for making the tools and the 
appropriate heat treatments to be applied to them. 
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(Continued from pp. 87 a—94 A) 

The Preparation of Tin and Tin Alloys for Microscopic Examina- 
tion. H. J. Taffs. (International Tin Research and Development 
Council, 1936, Technical Publications, Series A, No. 47). The 
technique of the mounting, polishing and etching of tin, and tin 
alloys, including tinplate, is described. 

Sources of Error in the Handling of Metal Microsections. I’. 
Roll. (Giesserei, 1936, vol. 23, Dec. 4, pp. 645-652). The author 
describes and discusses the cutting-out, grinding, polishing, etching 
and photographing of microsections from metals and the errors 
which may be introduced by incorrect treatment. 

The Preparation and Microscopic Examination of Metallic 
Specimens. G. W. Pirk. (Wire and Wire Products, 1936, vol. 11, 
Sept., pp. 480-435, 462; Nov., pp. 648-654). The continuation 
of a series of articles dealing with the preparation of steel and copper 
specimens for microscopical examination. Part II. is devoted to 
etching procedure and a list is given of the various etching reagents 
in use. The structures revealed under the microscope are discussed 
in Part III. (See Journ. I. and 8.I., 1936, No. II., p. 235). 

Non-Destructive Testing of Ferro-Magnetic Materials. (Machinery, 
1936, vol. 49, Nov. 19, pp. 222-225). The iron-powder method 
and the apparatus used for the detection of defects in iron and 
steel are described and illustrated. 

Fault Detection by the Magnet Powder Method. R. Berthold. 
(Engineering Progress, 1936, vol. 17, Nov., pp. 262-265). An 
English translation of a section of a paper in which the author 
describes the iron-filings method for the detection of cracks in 
metal parts. The original article appeared in Zeitschrift des 
Vereines deutscher Ingenieure, 1935, vol. 79, Apr. 20, pp. 477-484. 

The ‘‘ E & E”’ Magnetic Crack Detector. H. B. Swift. (Wild- 
Barfield Heat-Treatment Journal, 1936, vol. 2, Dec., pp. 35-36). 
In the apparatus described the test-piece forms the yoke in a closed 
magnetic circuit energised by means of a specially wound magnetising 
coil, there being no current flowing through the part itself. 

Problems of the Internal Physics of Materials. G. A. Homés. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Nov., pp. 641-645). The author touches on the 
problems relating to the internal physics of metals and the use of 
X-rays and X-ray spectra for their solution. 

The Morphology of the Inclusions in Siderurgical Products. 
R. Castro and A. Portevin. (Revue de Métallurgie, Mémoires, 
1936, vol. 33, June, pp. 400-408; July, pp. 448-459; Aug., pp. 
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516-524; Sept., pp. 574-583; Oct., pp. 627-637; Nov., pp. 671- 
676). A full translation into French of two papers by these authors 
which were originally presented to the Iron and Steel Institute 
and published in the Journ. I. and §.I., 1935, No. II., pp. 237-274, 
and 1936, No. II., pp. 213 p-239 p. 

Chemical Heterogeneity and Segregation. Definitions, Mode of 
Occurrence, Factors, Means of Recognition. A. Portevin. (Génie 
Civil, 1936, vol. 109, Nov. 7, pp. 402-405). The author distinguishes 
and describes three classes of chemical heterogeneity : (1) Primary 
heterogeneity, on the same scale as the ingot or piece itself, and 
constituting the major segregation; (2) secondary heterogeneity, 
on the same scale as the solidification structure or macrostructure ; 
and (3) tertiary heterogeneity, or minor secondary segregation, 
on the same scale as the microstructure. He then reviews the 
phenomena of major segregation and the factors influencing it, 
and concludes with a discussion of macro-etching, or, rather, 
sulphur-printing as a means of revealing major segregation. 

Primary Dendritic Structure and gg Types of Secondary 
Texture in a Small Ingot of Hard Steel. J. Seigle. (Chimie et 
Industrie, 1936, vol. 36, Oct., pp. 673-685). “The purpose of this 
study is a comparison of the dendritic texture, or primary structure, 
with different secondary textures, by the examination of samples 
cut from a small ingot of steel containing 0-48°% of carbon. The 
samples were not forged or rolled, consequently no mechanical 
deformation or displacement of the dendrites occurred; the 
appearance of the details of the dendrites would in some cases be 
altered and the secondary texture certainly would be completely 
modified if some treatment, such as annealing, quenching or de- 
carburisation, were applied. The dendritic structure is particularly 
wellrevealed by the Stead-Le Chatelier cupric reagent ; the secondary 
structure is shown up by means of weak or dilute acids. The 
article is divided into seven main sections: In the first, the author 
discusses the dendritic and secondary textures as cast, and shows 
the correspondence between them; in the second he describes the 
effects of anodic electrolytic attack in ordinary water on the surface 
of the metal; in the third and fourth he deals with the effect of 
annealing at various temperatures, and of water-quenching, re- 
spectively ; in the fifth he considers the effects of surface decarburi- 
sation. In the sixth section the author offers some remarks on the 
subject of the dendritic structure of steels from the point of view 
of the anomalies in the distribution of the carbon and phosphorus ; 
the last section presents a general review and summary. 

A Simple Approximate Method for Determining Nodule Number. 
H. A. Schwartz. (Metals and Alloys, 1936, vol. 7, Nov., p. 278). 
In a previous article (Metals and Alloys, 1934, vol. 5, June, p. 139), 
the author described a method for calculating the number of 
nodules of temper carbon per unit volume from the number and 
size of their intercepts per unit area. In the present article the 
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author presents a chart which shows graphically the relation of 
the number of nodules per cu. m. to the number per sq. m. for 31 
specimens selected to represent the greatest variety of composition 
and manufacturing methods. 

Complex Methods for the Study of Metallic Alloys. L. Dlougatch. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Oct., pp. 612-618). (See Journ. I. and S8.1., 1936, 
No. II., p. 175). 

Some Thermodynamic Values of the Transformations of Iron 
and Manganese. K. Sano. (Kinzoku no Kenkyu, 1936, vol. 13, 
Oct. 20, pp. 432-436). The author has calculated some thermo- 
dynamic values of the transformations of iron and manganese 
from the experimental heat content values obtained by Oberhoffer 
and Umino. (In Japanese). 

The Effect of Silicide, Phosphide and Carbide Formation in Iron 
Melts on their Equilibria with Oxides. F. Korber and W. Oelsen. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1936, vol. 18, No. 9, pp. 109-130). The heats of formation of the 
iron-silicon alloys were estimated directly by a simple, though rough 
method for room temperature and covering the entire concentration 
range; molten iron and solid silicon, and solid iron and molten 
silicon were allowed to react in a calorimeter, and the heat given 
up to the calorimeter, less that introduced by the molten iron or 
silicon, represented the heat of formation of the iron-silicon melts. 
The heat contents of the series at 1600° (20°) were also determined. 
When silicon dissolves in molten iron much heat is evolved, and the 
importance of this in regard to the metallurgical behaviour of 
silicon is discussed. By using experimental data on the reactions 
between metal, slag and solid silica in the system Fe-Mn-Si-O 
the influence of silicide formation on its equilibria is demonstrated. 
The displacement of these equilibria by additions of phosphorus 
to the metal was investigated for the temperature 1600°; the 
results show the large effect of phosphide formation. The influence 
of increasing carbon contents as a result of carbide formation on 
the equilibria between molten iron and silicate slags was examined 
at 1400°, 1500° and 1600° C. Like phosphorus, additions of carbon 
displaced markedly the equilibria of the two reactions : 

2Fe + SiO, = 2FeO + Si 
and 2Mn + SiO, = 2Mn0 + Si; 
increasing additions shifted the equilibria to the left, because the 
iron and manganese lost some of their power to react owing to 
the formation of phosphide or carbide. The displacement of the 
reaction 

Mn + FeO = MnO + Fe 
was much less. In the iron-rich melts there was apparently no 
preferential combination of the silicon, phosphorus or carbon with 
the manganese. 
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The displacement of the metal/slag equilibria in the Fe-—Mn-Si-O 
system by phosphorus and carbon is compared with the shifting 
of the graphite solubility line in iron melts by silicon and phosphorus. 
The results are discussed from the point of view or works processes, 
namely, the reactions during the deoxidation of iron containing 
carbon by manganese and silicon, and the course of the reactions 
during the oxidation at low temperatures of iron carrying manganese 
and silicon. 

The Heats of Formation of the Nickel-Silicon Alloys and Melts. 
W. Oelsen and H. O. von Samson-Himmelstjerna. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, 
No. 9, pp. 131-133). The heats of formation of the nickel-silicon 
alloys were determined by the method employed by Kérber and 
Oelsen (see preceding abstract). The values plotted against the 
silicon contents (in atomic percentages) fell on a line broken in 
two places; the inflections occurred at concentrations representing 
Ni,Si and NiSi, and also corresponded with points of very high 
temperature on the melting curve in the Ni-Si diagram. The heat 
of formation of Ni,Si was 11-2 k.cal. per g.-atom (33-6 k.cal. per 
g.-mol.), and that of NiSi was 10-3 k.cal. per g.-atom (20-6 k.cal. 
per g.-mol.); the heats of formation of the other silicides in the 
system can be calculated roughly from these two by addition. 
The results obtained are compared with those of Kérber and Oelsen 
for the iron-silicon system (see preceding abstract. 

The heat contents of the series at 1600° C. (20°) were determined ; 
they were much lower than the values calculated additively from 
the heat contents of the two components. On the heat-content/con- 
centration curves for the molten mixtures maxima occur at the two 
silicides Ni,Si and NiSi, which are to be regarded as indications 
of their dissociation in their own melts. With the aid of the heats 
of formation of the alloys and the heat contents of the melts, the 
heats of formation for the molten condition (1600°) are given; 
they are higher than those for the solid condition, the maximum 
lying at about 40 atomic-°% of silicon and amounting to 14 k.cal. 
per g.-atom of melt. The silicides, therefore, remain largely stable 
in the melts; their dissociation is noticeable only with medium 
concentrations, but is low with an excess of either component 
nickel or silicon. 

The Relations between the Heats of Formation, Structure and 
Properties of Commercially Important Alloys. F. Korber. (Stahl 
und Eisen, 1936, vol. 56, Nov. 26, pp. 1401-1411). This paper is 
based on the work described in the two abstracted above (Korber 
and Oelsen, and Oelsen and Himmelstjerna) and on two not yet 
published (Oelsen and Middel, and Oelsen and Liclttenberg). After 
mentioning the method used for determining the heats of formation 
of the alloys, and the sources of error in it, the experimental results 
for Fe-Si, Co-Si, Ni-Si, Fe-Al, Co-Sn, Ni-Sn, and Cu-Sn binary 
alloys and for Fe-Ni-Al and Fe—Co-—Al ternary alloys for the entire 
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concentration ranges are recorded and discussed in conjunction 
with the corresponding constitutional diagrams. Particular atten- 
tion was given to the heats of formation of the intermetallic solid 
solutions, which cover a wide range in some of the systems; their 
heats of formation per g.-atom of dissolved metal (aluminium and 
silicon) are rather higher than those of intermetallic compounds 
and single crystal types. The heats of formation of the latter are 
compared with those of oxides and sulphides. The heats of mixing 
are also given for a few melts. The conclusions to be drawn from 
the results regarding the chemistry of metallurgical reactions are 
discussed. 

Iron-Cobalt-Copper Alloys. (Metallurgist, 1936, vol. 10, Dec., 
pp. 180-182). A summary in English is given of the work of W. 
Jellinghaus on the constitution of iron-cobalt-copper alloys. (See 
Journ. I. and §.I., 1936, No. II., p. 270). 

The Tungsten-Carbon System. Ursula Krawezynski. (Dr.-Ing. 
Dissertation, Technische Hochschule zu Breslau, 1936). The author 
has investigated the tungsten-carbon system in a series of mixtures 
with carbon contents rising to 6-10°% (the theoretical composition 
of WC). A short preliminary sintering at 1450° C. was not sufficient 
to set up equilibrium between tungsten, W,C and WC, but this was 
attained by a second sintering at 1900° C. During heat treatment, 
the carbon diffused from the interior to the surface. In working 
out the melting diagram, at 2-27°%, of carbon a uniform structure 
on the etched section developed, which is considered to be the 
metastable compound W,C; during cooling, however, its breakdown 
proceeds so far that only W,C and tungsten are indicated in X-ray 
exposures. On carburising tungsten wires in a mixture of hydrogen 
and methane, an unknown lattice was observed in the photographs 
of the cold wire; this had been suggested to be W,C, but structural 
analysis pointed rather to a low-carbon compound. 

The New Buildings of the Kaiser-Wilhelm-Institut fiir Eisen- 
forschung in Diisseldorf. (Stahl und Eisen, 1936, vol. 56, Dec. 31, 
pp. 1569-1588). The new buildings of this well-known research 
institute in Diisseldorf and its very complete equipment for carrying 
out investigations on ferrous materials from all aspects are described 
and illustrated. 

The New Research Laboratory of the Mond Nickel Co. (Metal- 
lurgia, 1936, vol. 15, Nov., pp. 1-3). The equipment of this 
laboratory, which is situated at Birmingham, is described and 
illustrated. 
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Application of Potentiometric Methods to the Study and Forecasting 
of the Corrosion of Ferrous Alloys. L.Guitton. (Thesis, University 
of Grenoble, 1936). After presenting some general considerations 
on the potentiometric study of corrosion and on the electrochemical 
theory of corrosion, the author describes in detail the testing 
methods which he employed and the preparation of the surfaces 
of his specimens; his object was to establish potential/time curves 
for each specimen from the exact moment when it made contact 
with the corroding liquid. In the case of alloys in contact with 
acid electrolytes, the metal/solution potential measured shortly 
after contact gave an indication of the chemical resistance of the 
alloy to the solution in question. The author then sets out the 
results of the measurement of the potentials of a number of com- 
mercially pure metals (including iron and two steels) in nitric and 
hydrochloric acids. In the next section he deals with the passivity 
of rustless steels, his testing procedure, self-passivification and the 
influence of the moisture in the air, and of the chemical composition 
and surface condition of the metal, chemical passivification, and the 
effects of defects in the protective film on the potential. The author 
then records his tests on specimens of a given mild steel to show the 
influence of the surface condition on the potential and chemical 
resistance in a given solution containing 15% of citric acid. In 
the next two sections the results of systematic corrosion tests and 
potential measurements on a series of steels (plain and alloy) and 
of commercially pure metals, respectively, are reported. The 
author’s general comments and conclusions are contained in the 
final section. A bibliography of eighty-one references is appended. 

The Annual Corrosion Loss of Steel in Germany. G. Schaper. 
(Stahl und Eisen, 1936, vol. 56, Oct. 15, pp. 1249-1250). In view of 
the inaccuracy of the published estimates of the corrosion losses of 
iron and steel per annum in Germany, the author has analysed the 
problem on the basis of the consumption of the various classes of 
rolled products, and their susceptibility to corrosion. The author 
calculates that the aggregate value of the corrosion loss in Germany 
is about 120 million marks. This figure is advanced as a rough 
approximation, and it is suggested that more detailed estimates 
should be worked out by competent authorities. 

Corrosion Loss of Steel. (Iron and Coal Trades Review, 1936, 
vol. 133, Nov. 6, p. 793). An English summary of the above paper 
by Schaper. 


On the Galvanic Couples giving Rise to the Corrosion of Iron. 


and Its Alloys in Aerated Aqueous Media. I. Herzog. (Bulletin 
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de la Société Chimique de France, 1936, p. 1530). The author has 
developed methods of measuring the potential differences and out- 
puts of the galvanic couples formed by iron and its compounds 
with sulphur, phosphorus and oxygen, respectively, together with 
the electrical conductivities of the cathodes. His study of these 
couples shows that the substances that can act as cathodes include 
not only compounds formed at high temperatures, either during 
the processes of production or of heat treatment in oxidising or 
sulphurous atmospheres, #.e. the impurities present in the iron or 
steel, but also the secondary products, resulting from reactions 
associated with corrosion at ordinary temperatures, provided that 
these are conductors of electricity and in contact with the metal. 
This conception of the formation of cathodic substances, which 
are conductors of electricity, as a result of corrosion itself has 
enabled the author to explain why the rates of corrosion of iron 
are practically the same in weak or strong electrolytes, such as 
distilled water, fresh water and salt water. Moreover, the pro- 
nounced rates of corrosion of irons or steels in these media and the 
correspondingly low rates of corrosion of the non-ferrous metals 
aluminium, magnesium and zine varying in the reverse order of 
their potentials, are explained by the high resistance of the hydrated 
oxides: of the latter metals, as compared with that of the hydrated 
oxides of iron and particularly of magnetite. 

The Electrolytic Corrosion of Buried Cast Iron and Steel Tubes 
and Methods for Its Prevention. O.Scarpa. (Metallurgia Italiana, 
1936, vol. 28, June, pp. 257-267; Sept., pp. 425-443; Oct., pp. 
487-492). This is a very interesting account of a natural case of 
corrosion of a buried system by stray electric currents and of methods 
taken to eliminate this. The Cornappo Aquaduct serving the 
Tricesimo district in Italy was originally constructed of Mannes- 
mann steel tubes protected with the ordinary jute and bitumen 
coating. Severe electrolytic corrosion was observed at places 
where the pipe lines crossed the local electric tramway system or 
ran in its vicinity. Electrical measurements made in February 
and August 1932 showed that the potential differences between 
various points on the tramway rails and points on the pipe line 
ranged up to maxima of about 50 volts and were thus considerably 
greater than the values normally regarded as permissible, e.g., 
2 volts in the Swiss specifications. The fall in potential along the 
tram rails themselves was also found to be excessive and, on inspec- 
tion, 69°, of the copper connectors at the rail joints were found to 
be faulty, i.e., to have a resistance greater than that of 3 m. of rail. 

As remedial measures, pipes protected with a special composite 
coating developed at the Dalmine works were substituted at the 
affected places, branch pipes to private users were protected by 
jute impregnated with bitumen, and the connections of the rail 
joints were thoroughly overhauled and made good. As a result, 
on repeating the electrical measurements in June 1934, and Septem- 
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ber 1935, it was found that the potential difference along a tested 
length of the pipe line had been reduced to one-thirtieth of its 
original value. Although the potential differences between the rails 
and the pipes had not been reduced to nearly the same extent, the 
general conclusion reached was that the relatively simple methods 
adopted had proved efficacious in preventing corrosion as a result 
of stray currents. 

The presentation of the data concerning the Cornappo Aquaduct 
itself is preceded by a general survey of the problem of stray 
corrosion. The author deduced that to prevent corrosion of this type, 
it is necessary that the electrical resistance of the protective coating 
applied to the pipe should be of the order of 10-100 megohms 
per sq. cm. of surface, values that are not attainable with the 
usual types of coatings, especially when moist. The special coatings 
used for the Cornappa Aquaduct were developments of the original 
Dalmine coatings. (See Journ. I. and S.I., 1934, No. I., p. 548), 
and consisted of an inner and an outer layer of asbestos and cement 
about 3 mm. thick, separated by several layers of insulating paper 
or asbestos, impregnated with bitumen or similar insulating material. 
The electrical resistance of these coatings was found to be much 
higher than the stipulated minimum value, even after two or three 
years’ test under an applied e.m.f., either in artificial sea-water or 
in the soil itself. 

Second Report on the Corrosion of the Tinplate Container by 
Food Products. T. N. Morris and J. M. Bryan. (Department of 
Scientific and Industrial Research, Food Investigation, Special 
Report, No. 44, 1936). In this report, chapters are devoted to 
the corrosion of tin, the corrosion of mild steel, the tin-iron couple 
and tinplate, discoloration of canned fruits, and miscellaneous 
points of technique. It is suggested that in all probability the 
corrosion of cans by foodstuffs will eventually be overcome by 
improvements in lacquers and methods of lacquering. Failing 
such a development, relief must be sought through improvements 
in the tin coating, improvements in the steel base, the cool storage 
of canned goods and the application of knowledge concerning 
the corrosion of tinplate. Methods of effecting such improvements 
are discussed and experiments are described that throw further 
light on the factors affecting the formation of hydrogen swells 
and perforations, and the discoloration of canned fruits. 

Corrosion Damage in Beet Sugar Factories. H. Claassen. 
(Korrosion und Metallschutz, 1936, vol. 12, Nov., pp. 305-307). 
The author reviews the causes of corrosion of metal parts and 
appliances in a beet sugar factory. 
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MINERAL RESOURCES 





(Continued from p. 56 A) 


The Geology of the Sanquhar Coalfield and Adjacent Basin of 
Thornhill. J.B. Simpson and J. E. Richey. (Memoirs of the Geo- 
logical Survey of Scotland, Edinburgh, 1936). The authors give a 
detailed description of the Carboniferous sediments of the Sanquhar 
and Thornhill districts in Dumfriesshire, and include an account 
of the Permian rocks and of the Glacial and Recent deposits. 

The Iron Ores of the Middleback Ranges, South Australia. 
A. B. Edwards. (Proceedings of the Australasian Institute of 
Mining and Metallurgy, 1936, June 30, No. 102, pp. 155-207). 
The deposits of hematite which outcrop in these ranges form the 
most important group of iron ore bodies in Australia, and are 
exploited by the Broken Hill Proprietary Company. The largest 
deposit is the Iron Monarch, and next in importance are the Iron 
Duke, the Iron Prince and the Iron Baron. At present only the 
Iron Monarch and the Iron Prince bodies are being worked. The 
author describes the general geology of the deposits and the char- 
acter of the ores. 

Vanadium-Bearing Magnetite Deposits of Dhalbum and Mayur- 
bhanj, Bihar, India. G. H. Tipper. (Bulletin of the Imperial 
Institute, 1936, vol. 34, Oct.—Dec., pp. 449-452). Brief particulars 
are given of these vanadium-bearing titaniferous magnetite deposits. 

The Iron Ores of France. F. Clerf. (Mining and Metallurgy, 
1936, vol. 17, Dec., pp. 567-568). A brief survey is made of the 
iron ore reserves of the deposits in eastern and western France. 

The Iron Ore Deposit of Schmiedeberg in the Riesengebirge. 
G. Berg. (Zeitschrift fiir praktische Geologie, 1936, vol. 44, Dec., 
pp. 193-197). A short account is given of the geology, &c., of the 
iron ore deposits of Schmiedeberg in the Riesengebirge, Germany ; 
these ores were mined as early as 1148 a.D., and some historical 
notes on the history of these mining activities are given. 

Germany’s Supplies of Steel Alloying Elements. P. Krusch. 
(Zeitschrift fiir praktische Geologie, 1936, vol. 44, Dec., pp. 183- 
193). The author discusses the ores of the alloying elements of 
importance in steelmaking-molybdenum, vanadium, nickel and 
cobalt, chromium, tungsten, titanium and tantalum (and niobium)— 
and the recovery of the metals from them, and gives details of the 
deposits of such ores in Germany. 

The Magnesite Deposits at Ambergerhiitte. A. Unterladstitter. 
(Berg- und Hiittenmannisches Jahrbuch, 1936, vol. 84, Dec. 21, 
pp. 148-149). A brief note on the geology of the magnesite de- 
posits at Ambergerhiitte in the Sulzthal in the Eastern Alps, Austria. 
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The Importance of the Home Ore Deposits of the Polish Steel 
Industry. W. Kuczewski. (Hutnik, 1936, vol. 8, pp. 224-230: 
Stahl und Eisen, 1936, vol. 56, Dec. 24, pp. 1558-1560). The 
author presents statistics of the output of local ores and the imports 
of foreign ores into Poland in recent years, and discusses the ore- 
supply situation in that country. 

The Ore Deposits of Finland. M. Ege. (Metall und Erz, 1936, 
Nov. 1: Génie Civil, 1937, vol. 110, Jan. 9, p. 44). The author 
reviews the mineral wealth of Finland, giving information on the 
composition, geology, &c., of the deposits, the reserves, &c. The 
principal metallic ores are those of nickel and pyrites. 

Mineral Deposits of the Ruby-Kuskokwim Region, Alaska. 
J. B. Mertie, jun. (United States Geological Survey, 1936, Bulletin 
No. 864-C). Particulars are given of the coal deposits of this 
region. 

ithe Rosebud Coal Field, Rosebud and Cluster Counties, Montana. 
W. G. Pierce. (United States Geological Survey, 1936, Bulletin 
No. 847-B). The geography, stratigraphy and structure of this 
coalfield are described. The field includes an area of about 1,050 
sq. m. and forms a very small part of the sub-bituminous and lig- 
nite coalfields of eastern Montana and Wyoming and the western 
part of the Dakotas. It contains an estimated quantity of 
1,171,000,000 tons of sub-bituminous coal in beds of over 1} ft. 
thick, of which 85°% is in the Tongue River member of the Fort 
Union formation. 

Mineral Resources of the Region around Boulder Dam. D. F. 
Hewett, E. Callaghan, B. N. Moore, T. B. Nolan, W. W. Rubey 
and W. T. Schaller. (United States Geological Survey 1936, 
Bulletin No. 871). 
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REFRACTORY MATERIALS 





(Continued from p. 57 A) 


Influence of the Rate of Heating on the Softening Temperature 
under Constant Load of Refractory Materials. L. Scheepers. 
(Chimie et Industrie, 1936, vol. 36, Dec., pp. 1109-1113). The author 
describes the electric heating furnace in which he carried out his 
experiments on the influence of the rate of heating on the softening 
temperature of refractories while subjected to a constant load, 
and records some of the results obtained. It appears that an in- 
crease in the rate of heating raises the under-load softening temper- 
ature; this effect varies with the nature of the material tested and 
with the chemical composition within a given “ family.” 

Application of Mullite Refractory Materials in Boilers. M. 
Lépingle. (Chimie et Industrie, 1936, vol. 36, Dec., pp. 1087-1094). 
The author discusses the conditions for the use of high-alumina 
refractories of the sillimanite type in boilers. The number of cases 
of their application is not great, but in principle there is nothing 
against their use. The author quotes a practical case where they 
have been used, and describes the results obtained in the laboratory 
in the course of a detailed study of these products. He also directs 
attention to the principal defects met with in some of these refrac- 
tories, and explains the methods available for revealing them. 

Small Refractory Crucibles for Laboratory Work. M. Riddihough. 
(Iron and Steel Industry, 1937, vol. 10, Jan., p. 241). The author 
outlines a simple and rapid method of manufacturing small crucibles 
for laboratory work. 

Economic Importance of Insulating Refractories. J.G.Coutant. 
(Industrial Heating, 1936, vol. 3, Oct., pp. 695-698, 726). The heat- 
storage capacity of insulating refractories is discussed in its relation 
to the cost of operation of furnaces. 

Modern Methods of High-Temperature Insulation. T. Barratt. 
(Steam Engineer, 1936, vol. 6, Oct., pp. 25-27). A brief review of 
developments in the use of insulating materials. 
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(Continued from pp. 113 a—115 a) 


The Intrinsic Ash of Bright and Dull Coals. F. Biichler. (Gliick- 
auf, 1936, vol. 72, Dec. 26, pp. 1289-1295). In connection with 
experiments on the melting properties of coal ash it was found that 
a lower ash content did not correspond with a better utilisation 
of the fuel. A newly developed method of making comparative 
analyses of the ash in vitrain and durain is described; from the re- 
sults obtained conclusions can be drawn regarding the form of com- 
bination of the anions and kations, and the true intrinsic ash 
contents of the structural components can be calculated. 

Theory of Methodical Heating. Damour. (Chaleur et Industrie, 
1936, vol. 17, Nov., pp. 423-428; Dec., pp. 475-482). After touch- 
ing on one or two hypotheses concerning the theory of “ methodical 
heating,’ and the laws governing the passage of heat from a hot 
body to a cold one, the author sets out the theory of heating devel- 
oped by the late Henry le Chatelier. He exemplifies the application 
of the theory of methodical heating by reference to ceramic and steel 
reheating furnaces. 

A Review of Developments in Temperature Control Equipment. 
(Industrial Heating, 1936, vol. 3, Oct., pp. 645-666; Nov., pp. 
755-762, 792; Dec., pp. 821-824, 842). <A series of three articles 
in which developments in temperature measuring and control 
equipment are reviewed. The first instalment deals with temper- 
ature measuring instruments, including thermo-electric, optical 
and radiation pyrometers, thermometers, and two-position and multi- 
position controllers. The second instalment deals with proportion- 
ing controllers, while the final instalment deals with safety devices 
such as combustion safeguards and temperature limit controls. 

Simplified Calculation of Heat Regenerators. K. Rummel and 
F. Kessler. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Dec., pp. 233-242). The authors describe a simplified method of 
calculating the characteristics of existing hot blast stoves for 
blast-furnaces, regenerators for open-hearths, or similar heat ex- 
changers in which the heat is stored and than given up again, 
and for designing new ones. The method is based on the numerous 
researches which have been carried out by the Warmestelle at 
Diisseldorf. 

The Fractional Gravity Separation of the Banded Constituents 
of Coal. H. Berry and J.H. Jones. (Fuel in Science and Practice, 
1936, vol. 15, Dec., pp. 343-351). By a process of separation in 
liquids of high density it is possible to show that clarain, durain, 
and fusain, however carefully hand-picked, are neither physical nor 
chemical entities. Vitrain appears to approach more closely than 
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the others to physical homogeneity. From both clarain and durain 
it is possible to separate low-density, high-hydrogen fractions 
which consist mainly of spores. The high-density, low-hydrogen 
fractions of durain are almost devoid of spores; similar fractions 
of clarain consist largely of vitrain. The results obtained with 
fusain are at present inconclusive; it was found possible to effect 
a separation into three fractions, but the high-hydrogen fractions 
were shown to contain bright coal. 

Although the hydrogen content of both clarain and durain 
increases greatly with decrease in density, the carbon content remains 
relatively constant. In general, there is an increase in carbon with 
decrease in density, but the total carbon change seldom exceeds 1 
and with the fractions of lowest density, where the hydrogen change 
is most marked, the variation in carbon content is very small. 
From the data obtained, together with the estimates of spore con- 
tent, it is possible to calculate that the hydrogen content of spore 
remains is approximately 8-5%. Evidence was also obtained to 
indicate that coal very rich in spores possesses appreciable 
agglutinating and swelling properties. 

Special Features of the Coke Production and Fuel Distribution 
Plant at the Cardiff Works of Guest Keen Baldwins Iron and Steel 
Co., Ltd. J.B. Deakin. (Proceedings of the South Wales Institute 
of Engineers, 1936, vol. 52, No. 4, pp. 247-289). The author 
describes the coal washery, the coking plant and the gas distribution 
and utilisation plant, which includes Klonne gas holders and Lodge- 
Cottrell blast-furnace gas cleaning equipment. 

Coke Ovens at Govan Ironworks. (Coal Carbonisation, Supple- 
ment to Colliery Engineering, 1936, vol. Dec., pp. 213-216). 
An illustrated description is given of the is plant at the Govan 
Ironworks. (See p. 114 4.) 

Heat Distribution in a Modern Coke Oven. L. N. Wilputte 
and W. H. Pavitt. (Blast Furnace and Steel Plant, 1936, vol. 
24, Dec., pp. 1069-1074). The authors discuss heat distribution 
from end to end in a coke-oven, with particular reference to heat 
requirements of, and rates of gas flow for individual flues. The 
arrangement of the Otto-Wilputte underfired oven is shown, in 
which the burners are placed at different levels in alternate flues. 

Low-Temperature Ovens at the New Brancepeth Colliery. (Iron 
and Coal Trades Review, 1936, vol. 134, Jan. 22, pp. 173-175). 

New Coke-Oven Plant at Brancepeth Colliery. T. Futers. 
(Colliery Guardian, 1936, vol. 153, Nov. 13, pp. 897-899). The 
installation of Cellan-Jones low-temperature coke ovens at the 
plant is described and illustrated. 

Modern Gas Burners for Foundry Work. (Foundry Trade 
Journal, 1936, vol. 55, Dec. 24, p. 492). The Gako gas burner and 
its application to foundry operations are briefly dealt with. 
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(Continued from pp. 116 a-117 4) 


New Works of the Wellingborough Iron Company, Ltd. (Iron 
and Coal Trades Review, 1936, vol. 133, Dec. 25, pp. 1089-1091). 
The original blast-furnace plant of the Company consisted of three 
comparatively small furnaces, which have been dismantled; two 
modern furnaces have been erected in their place. Each new furnace 
has a hearth of 12 ft. 6 in., bosh 19 ft. and throat 13 ft. 3 in. and is 
75 ft. high to the charging level. The furnace top is of the double- 
bell and revolving-distributor type. The layout also includes an 
extensive ore ground, the installation of a tar-macadam plant, 
and a new power house. 

Reconstruction and Extensions at the Burbacher Hiitte. A. 
Wagener. (Stahl und Eisen, 1937, vol. 57, Jan. 14, pp. 29-41). 
The Burbach steelworks is one of the companies forming part of the 
Burbach-Eich-Diidelingen Combine known as ARBED. In his in- 
troduction the author touches briefly on the need for complete 
reconstruction of the works, steps taken to improve Saar coal, 
from the coking point of view, and the lines of the blast-furnaces 
and the difficulties of reconstruction due to lack of space. He then 
lists and groups the constituent divisions of the works as they stood 
before the reconstruction. The rest of the paper is devoted to a 
detailed account of the new plant as it now stands—coke-ovens, 
blast-furnace plant, steelworks, rolling mills, auxiliary plant, 
power and materials economy, utilisation of heat, the shops, the 
operation of the works railway system, the Hostenbach sheet 
rolling mill, the Biibingen limeworks, the basic slag mill and slag 
breaker, and the scrap yard. Plans of the works before and after re- 
construction are presented on plates, and, as the latter is superposed 
on the former and is printed on transparent paper, the changes that 
have been made are readily perceived. 

Production of Iron in the Rotary Furnace. F. Eulenstein and 
A. Krus. (Stahl und Eisen, 1937, vol. 57, Jan. 7, pp. 6-11). An 
ore deposit of great importance to Germany is the iron pyrites 
deposit at Meggen. The earlier method used for treating the burnt 
pyrites and a new process which has been developed are described. 
At first, use was made of a long rotary furnace, worked continuously, 
but troubles arose owing to the high iron content of the roasted 
pyrites. Tests were then carried out with a short rotary furnace ; 
after the zinc had been volatilised away, the temperature was steadily 
raised so that the iron was reduced and was withdrawn in the molten 
condition. After two years of experiment success was achieved, 
and the large plant, which is described in detail, was built. The 
ore, previously dead-burnt on a Dwight-Lloyd plant, is mixed with 
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lime and coal for reduction and the mixture is fed into the rotary 
furnace; at the moment this is fired with coal dust, but later 
long-distance gas will be substituted. The air for combustion is 
preheated by the waste gases; further, in order to make full use 
of the waste heat recovery, the next two charges are preheated 
indirectly in a suitable appliance. During the volatilisation of 
the zinc in the early stages of the process, partial reduction of the 
iron compounds takes place, and this is completed in the later stages. 
The iron is extraordinarily clean; it is noteworthy that in this pro- 
cess the carbon content of the iron can be adjusted to any desired 
value. The high-lime slag produced can be used either for the pre- 
paration of fertiliser or for the production of Portland cement. 
The possibilities of the use of this special pig iron are discussed, 
and tests on the working of other iron ores and iron-bearing materials 
by this process are mentioned; of particular importance are the 
successful attempts to produce ferro-manganese from low-manganese 
ores. 

The Fuel and Metallurgical Industries of Soviet Russia. E. 
Prost. (Revue Universelle des Mines, 1936, vol. 12, Nov., pp. 
460-474). The author reviews the Russian fuel and metallurgical 
industries. Under the heading of fuel, he discusses the magnitude 
and distribution of the coal reserves, progress and exploitation, 
external trade, &c.; he also deals with peat and oil. With regard 
to iron, he likewise reviews the reserves and their distribution, the 
output of manganese ore, the situation in the iron industry in 1913 
and after the Revolution, measures employed for developing the 
industry, the Ural-Kusnetz Combine, the location of the works in 
1934, proposed extensions, and considerations on the conditions 
to-day, &e. 

Operating Statistics. A Critical Survey of the Papers on Works 
Management of the Verein deutscher Eisenhiittenleute dealing 
with Operating Statistics. K. Luther. (Archiv fiir das Eisen- 
hiittenwesen, 1936, vol. 10, Nov., pp. 225-228). 

Examples of the Calculation of Economic Efficiency. H. Kuler 
and H. Diercks. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Dec., pp. 275-283; 1937, Jan., pp. 327-336). The authors present 
eight examples of the calculation of the economic efficiency of a 
plant or process. The cases considered are the following: (1) The 
replacement of three old lathes by one new one; (2) the choice 
of a fuel for an inclined-tube boiler; (3) the replacement of scrap 
by open-hearth pig iron (Stahleisen); (4) home production of 
current or purchase from an outside source ? (5) comparison of the 
costs of various methods of cleaning blast-furnace gas; (6) the 
influence of varying the proportion of pig iron on the cost: of 
production of open-hearth steel; (7) the choice of fuel for a rotary- 
hearth gas producer; (8) the choice of lean or rich gas for heating 
coke-ovens. Assumed values are used for the various quantities, 
and the calculations are explained. 

L 
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(Continued from pp. 118 a—120 a) 


Modern Foundry Management. A. J. G. Smith. (Foundry 
Trade Journal, 1936, vol. 55, Dec. 17, pp. 469-470). A brief dis- 
cussion of statistical methods for the control of foundry operations. 

Present Position of Foundry Machine Practice in Germany. 
U. Lohse. (Zeitschrift des Vereines deutscher Ingenieure, 1937, 
vol. 81, Jan. 9, pp. 39-42). The author describes briefly a number 
of foundry machines (sand preparation plant, moulding machines, 
sand slingers, core blowers, cleaning machines) from the many 
that were exhibited at the International Foundry Congress held in 
Diisseldorf in September, 1936. 

Buick Shotblasts Large Castings Automatically. F. J. Oliver. 
(Iron Age, 1936, vol. 138, Nov. 26, pp. 41-43, 102). The use of 
Pangborn Rotoblast machines for the cleaning of castings in the 
foundry of the Buick Motor Co. is described and illustrated. The 
general arrangement of the machines is shown and particulars are 
given of their operation. With the use of these machines, cylinder 
blocks can be cleaned at the rate of three per minute. 

Foundry Methods for Producing Cast Iron for Porcelain Enamel- 
ling. R. B. Schaal. (Foundry, 1936, vol. 64, Dec., pp. 28-29, 
74, 77-78). The author discusses cupola practice for the production 
of cast iron for enamelling. The calculation of the cupola mixture, 
the type of coke, the use of soda-ash, and blast-volume measure- 
ment are dealt with. The best irons for enamelling are high in 
carbon and very low in sulphur. 

Mass Annealing of Malleable Iron. J. B. Nealey. (Industrial 
Heating, 1936, vol. 3, Dec., pp. 827-832). The author describes 
the practice of the Saginaw Division of General Motors Corp. for the 
short-cycle annealing of malleable castings on a large scale. Gas-fired 
furnaces are used ranging in capacity from 30 to 100 tons per day. 

Cupola Hot Metal Duplexing for the Electric Steel Foundry. 
H. B. Kinnear and H. W. Gillett. (Metals and Alloys, 1936, 
vol. 7, Dec., pp. 301-308). The authors describe the use of the elec- 
tric furnace for the production of steel castings, operating on _hot 
charges supplied from a cupola. The economic advantages of this 
method for small foundries are pointed out. The results of trials 
show that with the use of a preheated cupola forehearth and a 
small rotary furnace for preheating the mill scale or ore, it should 
be possible to obtain a 4-ton heat in the electric futnace in not over 
2 hr., and at a consumption of not over 350 kWh. per ton. 

A Belgian Steel-Foundry Sand for Cast Iron. C. D. Abell. 
(Foundry Trade Journal, 1936, vol. 55, Dec. 31, pp. 503, 505). 
The author describes the characteristics of a Belgian steel-foundry 
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sand which has been used in the United Kingdom for iron castings, 
the special property of which is the nature of the bonding material. 

The Effect of the Chemical Composition of Colloids in Moulding 
Sand. A. Glazunov. (Metallwirtschaft, 1937, vol. 16, Jan. 1, pp. 
13-19). The bonding strength of a moulding sand cannot be judged 
by the amount of colloids contained in it; it is necessary for this 
purpose to determine what colloids are present. Colloids of differ- 
ent types, and particularly those which are capable of reacting with 
one another, may act unfavourably on each other, thus decreasing 
the bonding strength. Silica gel by itself has no influence whatever 
on the bonding strength of dry moulding sand. The bonding of the 
sand grains by means of colloids is a complicated process, which 
must be regarded primarily as of a chemical nature. 

Contribution on the Examination of Further (Solid) Core Binders. 
F. Roll. (Giesserei, 1937, vol. 24, Jan. 1, pp. 9-11). The properties 
of dextrine, starch, potato meal, &c., materials used for bonding 
cores, are described briefly, and qualitative and quantitative tests 
for their recognition and testing are given. 

Feeding of Castings. T. Davis. (Foundry Trade Journal, 
1936, vol. 55, Dec. 31, p. 510). The author illustrates and gives 
brief particulars of various methods of feeding a roll casting. 

Producing Auto Brake Drum Castings. R. C. Wellman. 
(Foundry, 1936, vol. 64, Oct., pp. 22-23, 72). An illustrated de- 
scription is given of the methods and equipment in use at the plant 
of the Ferro Machine and Foundry Co., Cleveland, for the pro- 
duction of automobile brake drums. These drums consist of a 
steel plate and a cast-iron rim. A thin steel plate approximately 
10 in. in dia. is inserted in the drag mould and forms the back 
part of the casting. The plate may be dovetailed or provided with 
a flange for connecting it to the cast-iron band. 

Manufacture of Ford Camshafts. E. F. Cone. (Metals and 
Alloys, 1936, vol. 7, Nov., pp. 275-277). An outline is given of 
the method of producing cast camshafts at the plant of the Ford 
Motor Co. A cast iron of the following composition is used : 
Carbon, 3-30-3-65; manganese, 0:15-0:35; silicon, 0-45-0-55; 
chromium, none to 0-25; copper, 2-50-3-00; phosphorus, 0-05 
max. %. 

Manufacture of Castings for Heavy Machinery. G. E. Tait. 
(American Society for Metals, Montreal Chapter: Iron and Steel 
of Canada, 1936, vol. 19, Oct., pp. 9-16). The author discusses the 
design and moulding of iron castings for heavy machinery. Typical 
analyses are given for various applications. 

Features Quality Castings. P. Dwyer. (Foundry, 1936, vol. 
64, Nov., pp. 22-23, 76). Illustrated particulars are given of the 
plant and practice of the Keen Foundry Co., Griffith, Indiana, 
for the production of high-grade grey-iron castings. 
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(Continued from pp. 121 A-122 a) 


A Centrifugal Refiner for Molten Metals. E.Vroonen. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Aug., pp. 502-509). (See Journ. I. and §.I., 1936, No. IT., 
p. 154 a). 

The Oxidising Power of Basic Open-Hearth Slags. P. N.Iwanow 
and G. A. Romodin. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 10, Dec., pp. 229-232). The authors first review the present 
state of knowledge regarding the relation between the oxidising 
power of basic open-hearth slags and their composition and viscosity. 
They then record tests made on slags drawn from a 90-ton furnace. 
As indices of the oxidising power they used the rate of combustion 
(oxidation) of the carbon in the bath and the ratio of the MnO 
in the slag to the manganese in the metal. The limits of slag basicity 
within which the oxidising power was practically directly proportional 
to the ratio CaO/SiO, were determined; it was found, further, 
that when the CaO/SiO, ratio exceeded a certain value the oxidising 
power was diminished, tending to make the ratio of the MnO in the 
slag to the manganese in the bath a constant quantity, which result 
was also produced by lowering the CaO/SiO, ratio below a definite 
value. 

The Petrography of Lime Fluxes and Refining Slags. J. T. 
Singewald, jun. (Zeitschrift fiir praktische Geologie, 1937, vol. 
45, Jan., pp. 1-5). The author discusses the chemical composition 
of refining slags, their mineralogical composition, the three types 
of slag (corresponding to the three stages of formation of the slags), 
the compositions of these types, the function of the slags, and the 
reactions between the slag and the lime in the flux. In conclusion, 
he touches on the geological interest of the production of “ Staflux.” 
This is made by sintering together lumps of limestone and certain 
kinds of iron oxide, such as iron ore or mill scale, at a temperature 
of 1450° C. in a rotary furnace. Though fusion does not occur, 
the iron oxide penetrates the limestone completely and rapidly 
and forms dicalcium ferrite. 

Influence of an Aluminium Addition on the Slag Inclusions 
in Unalloyed Steel with 1:1% of Carbon. K. Amberg and A. 
Hultgren. (Jernkontorets Annaler, 1936, vol. 120, pp. 311- 
342: Stahl und Eisen, 1937, vol. 57, Jan. 7, pp. 13-14). The 
authors present the results of an investigation on the type and 
quantity of inclusions formed in steels containing about 1-1% of 
carbon, 0-2°%, of silicon and 0-3% of manganese, resulting from the 


, 








ith 
ZY; 


6, 


ow 
36, 


ng 
ty. 
ce. 
on 
10 
ity 
ial 
er, 
ng 
he 
ilt 
ite 











PRODUCTION OF STEEL. 163 4 


deoxidation process; inclusions derived from reactions with the 
refractory materials are expressly not considered. To determine 
the influence of the mode of deoxidation, aluminium was added 
in the ladle and in the ingot mould to a steel produced in a 600-kg. 
high-frequency furnace and in a crucible (360-kg. heat). The 
crucible steel received about 40 g. of aluminium per ton. Its 
inclusions consisted primarily of alumina, but their amount was 
not great. The high-frequency heats were first deoxidised with 
silicon in the furnace and then with aluminium in the ladle. They 
contained many solid inclusions, some of which were glassy and some 
crystalline, obviously, the inclusions had not had sufficient time 
to settle. The process was then so altered that manganese only 
was added to the heats and silicon was reduced from the furnace 
lining ; also, the tapping temperature was raised by 50°. Aluminium 
at the rate of 67 g. per ton was added in the ladle, which was allowed 
to stand for 8 min. The heats were not completely killed; presum- 
ably, most of the aluminium had not reacted in the desired manner. 
The amount of inclusions was noticeably smaller than in the first 
case. The aluminium addition was next increased to 200 g. per 
ton; the heat was now killed, but it contained heavy clouds of 
alumina inclusions. The aluminium addition was reduced again, 
but, in order to avoid loss of aluminium, it was added only in the 
ingot mould. In general, 36 g. per ton sufficed when 0-2°%, of silicon 
had been previously reduced in the steel. ‘The amount of inclusions 
was negligible; they consisted principally of aluminium silicates. 
It appears that about four-fifths of the aluminium added in the 
furnace is oxidised by the air or the slag, but that this can be avoided 
by adding the aluminium to the ingot mould. 

Further tests were concerned with the type and distribution 
of the inclusions in ingots of acid open-hearth steel; aluminium was 
added to the ingot mould at the rate of 65-118 g. per ton. The 
inclusions in the outer zone (520-560-kg. ingots, 280-320 mm. 
in dia.) were, in general, finer than those in the last part to freeze. 
They consisted of fine sulphides with included aluminium silicates. 
With increasing distance from the surface, the sulphides occurred 
separately and their size and quantity increased; they appeared to 
stand in no clear relation to the cast structure of the ingot, as did 
the sulphides, which were arranged on the grain-boundaries of the 
cast structure in the form of a eutectic. 

In appearance, the silicates were partly round and glassy, 
with included aluminium silicate crystals (which could be shown 
up more clearly by etching the glass with hydrofluoric acid), and 
partly angular crystals, alone or with embedded glassy cores. 
From the appearance it was doubtful whether the crystals should 
really be called “‘ aluminium silicates ”’ ; it is probable that they were 
spinels. As the round inclusions occurred only in the outer zone 
and the irregularly shaped crystallised inclusions primarily in the 
interior of the ingot, the authors conclude that the latter were also 
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originally glassy silicates, which later reacted with the aluminium 
dissolved in the steel to form aluminium silicates. 

In all the casts, the amount of aluminium silicate inclusions 
was greater in the lower than in the upper part of the ingot. In 
addition to the silicate inclusions, the authors also observed crys- 
tallised aluminium silicate, alumina and very coarse silicate inclusions 
of the nature of aluminium silicate, which, however, must be regarded 
as residues from the refractory lining. 

The observations made on acid open-hearth steel were confirmed 
in high-frequency steel cast with and without aluminium additions. 
Ingots without aluminium contained only glassy silicate globules, 
the size of which increased towards the middle of the ingot. With 
aluminium additions (70 g. per ton) the small and medium-sized 
silicate inclusions disappeared except in the external zone and were 
replaced principally by crystallised aluminium silicates. In 
forging, only the glassy part of this was deformed; also the finer 
silicate globules deformed less than the larger ones, possibly because 
they consisted of silica only, while the larger ones were silicates. 

The principal outcome of the research is that when aluminium 
is added in the ladle, subsidiary reactions prevent it from deoxidising 
the steel—its proper purpose. Simultaneously, owing to the pres- 
ence of aluminium in the ladle, the rising silicates are so altered that 
their speed of rising is diminished. The addition of aluminium 
to the ingot mould is therefore preferable, not only because the alu- 
minium is more completely utilised, but also because the steel is 
more free from inclusions. 
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(Continued from pp. 126 a-127 A) 


End Thrust of Cylindrical Rolls. W. Trinks. (Blast Furnace 
and Steel Plant, 1936, vol. 24, Dec., p. 1089). The author discusses 
briefly the end thrust of cylindrical rolls which occurs when rolls 
are not lined up with their axes perfectly parallel. 

Sheet and Strip Steel for Deep-Drawing Purposes. J. Winlock. 
(Iron and Steel Engineer, 1936, vol. 13, Dec., pp. 11-24). The 
author discusses the rolling and annealing of sheets and strip for 
deep-drawing. Different degrees of cold-rolling affect the physical 
properties of the steel even after the subsequent annealing operation. 
If the reductions by cold-rolling are small, some 3 to 5°%,, the grain 
size, after low-temperature annealing, will be extremely large, 
which will produce a coarse surface on the stamping after the drawing 
operation; also steel with a large grain size is more susceptible to 
Stead’s brittleness. Heavy reductions by cold-rolling tend to pro- 
duce a very small grain size which renders the steel susceptible 
to the production of stretcher strains in the finished stamping. 
Cold-rolling as a final operation will prevent the occurrence of stret- 
cher strains, but the ductility of the steel is often affected and the 
tendency to age is increased. Residual elasticity in the metal 
after a given amount of draw necessitates certain precautions in 
the designing of the dies for deep-drawing. The stretching of a 
blanked edge often produces tears in the metal, owing primarily to 
the cold-working of the steel in the blanking operation. 

New Cold Mill Rolls Wide Sheets. (Steel, 1936, vol. 99, Dec. 
21, pp. 38-40). Illustrated particulars are given of the new cold 
rolling mill of the American Rolling Mill Co., Middletown, Ohio. 
From the hot-strip mill the coils are unwound and sheared and every 
six coils are welded together, forming a continuous strip 1,200 ft. 
in length. For the pickling operation the large coils pass through 
a decoiler, and are sheared, the front end of each coil being stitched 
to the rear end of the preceding one. The strip passes through four 
50-ft. pickling tanks, then through two 30-ft. rinsing tanks and finally 
through a hot air drier. After pickling, the stitched portion of the 
coil is removed and the welded strip recoiled. The cold-reduction 
unit consists of a decoiler, sticker, three 4-high roll stands and a 
coiler. Each roll stand has two working rolls 19 in. in diameter 
and two backed-up rolls 49 in. in diameter, capable of rolling strip 
74 in. in width. 

Modern Equipment for Making ‘‘ Armco ”’ Strip Steel. C. Lon- 
genecker. (Blast Furnace and Steel Plant, 1936, vol. 24, Dec., 
pp. 1061-1066). Illustrated particulars are given of the rolling- 
mill equipment at the plant of the American Rolling Mill Co., for 
the production of strip steel. 
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Armco Completes Cold Reduction Mill. (Iron Age, 1937, vol. 139, 
Jan. 21, pp. 28-30). Particulars are given of the new cold-rolling 
mill of the American Rolling Mill Co. 

New Homestead Semi-Continuous Plate Mill Sets High Efficiency 
Standard. (Iron Age, 1937, vol. 139, Jan. 21, pp. 37-41). The 
layout and equipment of the 100-in. semi-continuous plate mill at 
the Homestead plant of the Carnegie Illinois Steel Corporation, are 
described and illustrated. The mill consists of a 2-high scale 
breaker, a 4-high spreading stand, a horizontal edging press, a 
vertical roll edger, 4-high reversing roughing stand, a double pinch 
roll device serving as a scale breaker and four 4-high finishing mills. 
The entire rolling process, from the time the slab leaves the heating 
furnace until it reaches the last finishing stand, takes less than 2 min. 

New Hoop Steel and Tube Strip Rolling Plant. B. Burdewick 
and T. Soda. (Iron and Steel Industry, 1936, vol. 10, Dec., pp. 
182-186). Illustrated particulars are given of a mill of German 
design installed in a Japanese works. (See Journ. I. and §.I1., 1936, 
No. II., p. 115 a.) 

Progress in Seamless Tube Manufacture. G. Evans. (Metallurgia, 
1936, vol. 15, Dec., pp. 45-47). A brief review of developments 
in the manufacture of seamless tubes. 

Development of the Roeckner Tube Rolling Process. J. Severin. 
(Stahl und Eisen, 1937, vol. 57, Jan. 28, pp. 77-82). In the process 
the reduction of the wall thickness of a hollow billet by forging on a 
mandrel is replaced by a rolling procedure. Roll pairs of special 
shape grip the walls of the hollow billet at equal distances round the 
periphery. As the rolls and the billet revolve the metal is rolled 
down to the desired thickness, and the rolls are so designed and 
adjusted that the tube as it is formed travels along its own axis, 
much as a screw travels through a nut when the latter is rotated 
without axial movement. The author describes earlier experiments 
on a small mill, the difficulties that were encountered and how they 
were overcome. The experience gained was drawn upon in building 
a larger mill, in which tests were made, first with lead and then with 
steel. By decreasing the diameter of the outer rollers, increasing the 
movement of the rolls, adjusting suitable the forward movement, the 
“skew ” of the rolls and their design, the quality of the rolled 
product wasimproved. The output of the mill was raised by rolling 
longer pieces, by increasing the speed of working and by taking 
lighter drafts. 

Shear Blades with Four Cutting Edges. H.Cramer. (Stahl und 
Eisen, 1937, vol. 57, Jan. 21, pp. 64-65). After indicating previous 
attempts to make use of all the cutting edges of shear blades, the 
author describes a new type of blade with fou? cutting edges, 
indicates its advantages and shows how it is mounted without play. 

Hot Saws. (Demag News, 1936, vol. 10, C., Dec., pp. 33-38). 
Illustrated particulars are given of various types of hot saws for 
use in rolling mill plants. 
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(Continued from p. 21 A) 


Developments in Temperature Measurement and Control. A. F. 
Brownlee. (Heat Treating and Forging, 1936, vol. 22, Sept., 
pp. 465-469, 478). Developments in temperature measuring systems 
are reviewed. 

Thermo-Electric Couples. Comparative Study. H. Pécheux. 
(Revue Générale des Sciences, 1937, vol. 48, Jan. 15, pp. 17-22). 
The author explains the electrical characteristics of thermocouples 
and their calibration, and then describes the features of a number 
of older and more modern couples. 

The Problem of the Use of Bi-Metallic Strips in Radiation Measure- 
ment and Photometry. H. Klumb. (Zeitschrift fiir technische 
Physik, 1936, vol. 17, pp. 279-280). The use of bi-metallic strips 
in the construction of simple apparatus for measuring radiation 
is discussed and described. Even with relatively robust strip 
sufficient sensitiveness can be attained for such appliances to be used 
as photometers and also for radiation measurement in determining 
optical constants in the visible and infra-red ranges. 

The Optical Measurement of the Surface Temperature of Hot 
Material. F. Wesemann. (Stahl und Eisen, 1936, vol. 56, Oct. 1, 
p. 1212). The scale adhering to ingots, &c., in the reheating furnace 
gives rise to errors when the temperature is measured optically. 
The scale conducts heat badly, so that its temperature lies between 
that of the ingot and that of the furnace. Hence, it is preferable, 
when using an optical method, to measure the temperature of the 
material after withdrawal from the furnace, after the scale has 
fallen off. The author gives brief notes on tests that were made 
to determine the difference between the temperature of the scale and 
that of the true metal surface while still in the furnace. The true 
surface temperature was measured by a thermocouple placed in a 
hole immediately below the surface and drilled through from the 
foot of the ingot. The temperature differences between the metal 
surface and (a) the roof, and (5) the scale are plotted and discussed. 
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(Continued from pp. 128 a—130 a) 


Can Steel Tubes be Hardened by the Nitriding ProcessP M. 
Broich. (Internationale Réhrenindustrie, 1937, No. 12, Jan., 
pp. 1-3). A general description of the nitriding process, its basic 
principles, its operation, the types of nitriding steels, and the pro- 
perties conferred on the metal by the process. 

The Scaling of Steel during Heating with Rich Gas. W. 
Heiligenstaedt. (Gas- und Wasserfach, 1936, vol. 79, pp. 925- 
932: Stahl und Eisen, 1937, vol. 57, Jan. 14, pp. 43-46). As the 
results of scaling tests made by Murphy and Jominy and by Schroeder 
differed fairly considerably, the present author has carried out a 
third series of experiments. Specimens of electrolytic iron, mild 
steel and medium-carbon steel were examined. A twin furnace 
was used; in one part the coke-oven gas was burnt under carefully 
regulated conditions of excess or deficiency of air, and the burnt 
gases were then passed round the specimens in the other furnace, 
which could be held at any desired temperature up to 1150° C. by an 
electric heating device. For tests at 1250° C. a small forge furnace 
was used. Three diagrams show the influence of the character of 
the combustion (7.¢e., whether effected with excess or deficiency of 
air) on the scaling at different temperatures. In another set of 
diagrams the influence of the temperature on the scaling with 
incomplete and perfect combustion and with excess air is indicated, 
while yet other curves reveal the influence of the duration of heating 
on the scaling, the comparative scaling of the three kinds of steel 
at various temperatures under perfect combustion, and the relation 
between the degree of scaling and the thickness of the scale layer. 
The appearance of the scale produced under the different conditions 
of combustion is touched on. The present results are correlated 
with those of the previous investigators. 

Tendency for the Occurrence of Flakes and Susceptibility to 
Overheating of Tool Steels. W. A. Erachtin and A. W. Ostassenko. 
(Katschestwennaja Stal, 1936, vol. 4, No. 6, pp. 34-40: Stahl und 
Eisen, 1937, vol. 57, Jan. 21, pp. 66-67). By a statistical examin- 
ation of the results of current tests, the authors have attempted to 
find relationships between the composition, cleanliness and properties 
of basic electric steels; here their results relating to the tendency 
for flakes and hardening cracks to form in tool steels are dealt 
with. The effects of small chromium additions on the flaking of 
a tungsten steel and of the content of oxide slag on the flaking 
of a low-chromium steel and the hardening-cracking of a tungsten 
steel are shown diagrammatically and briefly discussed. 
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Developments in Electric Heat-Treatment Furnaces. A. G. 
Robiette. (Metallurgia, 1936, vol. 15, Dec., pp. 57-60). The author 
surveys the trend of development in the design and operation of 
electric heat-treatment furnaces. 

Modern Salt Baths Internally Heated. A. E. Bellis. (Metal 
Progress, 1936, vol. 30, Dec., pp. 68-72). Particulars are given 
of the use of submerged electrodes for the heating of salt baths. 

The Evolution of Gas on Annealing Sheets. H. Monden and K. 
Skroch. (Stahl und Eisen, 1936, vol. 56, Dec. 17, pp. 1532-1535). 
On box-annealing sheets of plain and alloy steel sheets, considerable 
volumes of gases are given up by the sheets; these gases consist 
principally of CO,, CO and hydrogen. The CO, and CO are formed 
by the oxidation of the carbon in the sheets by the oxygen contained 
within the box or by scale. Between 700° and 800° a negative 
pressure was observed in the box, which apparently must be attrib- 
uted to the absorption of hydrogen by the sheets. By returning 
the previously-formed reducing gases to the annealing box during 
this period, a bright surface without scaled edges can be produced 
on the sheets without the use of other protective gases. 

Patenting and Heat Treatment of Steel Wire. R. Walzel and 
R. Mitsche. (Stahl und Eisen, 1936, vol. 56, Dec. 3, pp. 1480- 
1484). Arising out of the question whether, under suitable con- 
ditions, quenching and tempering could replace the patenting of 
steel wire, laboratory tests were made to determine the limiting 
conditions under which both heat treatments would give sorbitic 
structures which should be indistinguishable under medium magni- 
fications. Practical experiments on the two methods of heat 
treatment followed by wire-drawing revealed, however, that the 
quenched and tempered wires did not behave so well even though 
the structure, as seen at medium magnification, was as desired. It 
was then found that even though the microstructures appeared 
to be similar at medium magnifications, at high magnifications they 
showed decided differences, thus explaining the different behaviours 
on drawing. It is therefore recommended that in the supervision 
of wire decidedly higher magnifications should be used than have 
been employed up to the present. 

Steel Forgings Tempered by Recirculation. C.F. Clark. (Steel, 
1936, vol. 99, Dec. 21, pp. 41-42). Illustrated particulars are given 
of a tempering furnace for steel forgings in which the hot gases 
of combustion pass upward between the work container and the 
inner wall of the furnace and then down through the charge. The 
advantages of this method of heating are pointed out. 
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(Continued from pp. 131 aA—132 a) 


Thermit Welding. J.H. Deppeler. (Journal of the American 
Welding Society, 1936, vol. 15, Dec., pp. 2-8). The author dis- 
cusses the thermit process and its application to the welding of 
rails. 

How to Select Arc Weld Electrodes. J. Muller. (Machinist, 
1936, vol. 80, Nov. 14, pp. 854-856). The factors governing the 
choice of electrodes for are welding are discussed. 

The Arc Welding of Light Sheet Steel. H. Thomasson. (Iron 
and Steel of Canada, 1936, vol. 19, Oct., pp. 5-8). The author 
describes equipment and procedure for the arc welding of sheet 
steel. 

Technique for Resistance Welding Ferrous and Non-Ferrous 
Sheet Metals. E. I. Larsen. (Journal of the American Welding 
Society, 1936, vol. 15, Dec., pp. 9-16). A review of published 
information dealing with a number of important aspects of the re- 
sistance-welding of ferrous and non-ferrous metals. The ferrous 
metals dealt with are carbon steel, stainless steel and coated steel, 
including terne plate, tinplate, and galvanised iron. 

New Developments in Ignitron Welding Control. J. W. Dawson. 
(Electrical Engineering, 1936, vol._55, Dec., pp. 1371-1377). The 
author reviews the use of resistance-welding timers, using igniter- 
type mercury-cathode tubes and describes a seam-welding control 
unit containing a new design of inductive timer. 

Automatic Continuous Arc Welder Employs Tape Coated Welding 
Rods. (Iron Age, 1936, vol. 138, Nov. 5, pp. 58-59). Particulars 
are given of the Una automatic arc-welding head which is equipped 
with a device for applying flux-impregnated tape to the welding 
rod at a point between the welding head and the arc. 

The -Acetylene and Electric Arc Welding Methods used in 
the Welding of Rail Joints in Railways. M. Michaud. (Bulletin 
de la Société des Ingénieurs Soudeurs, 1936, vol. 7, pp. 2275- 
2293). The author discusses the arc and oxy-acetylene welding 
of railway rail joints, and describes the mechanical and other 
characteristics of such joints. 

The Repair of Rail Crossovers. F. Golling. (Revue de la 
Soudure Autogéne, 1936, vol. 28, Nov., pp. 8-11). The author 
deals with the repair of railway crossovers by oxy-acetylene welding. 
After reviewing briefly the experience of the German and Polish 
railways on the weld-repair of rails, he describes the mode of carry- 
ing out the work, mentions the choice of filler material, and indicates 
the metallurgical and economic advantages of blowpipe welding 
for carrying out these repairs. 
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A Weidable High-Tensile Structural Steel. E. C. Houston. 
(Welder, 1936, vol. 8, Nov., pp. 1126-1130). The weldability of 
Ducol steel is discussed and particulars are given of tests carried 
out on welded parts of Ducol steel. 

Welded Pressure Vessels. A. J. Moses. (Steel, 1936, vol. 99, 
Dec. 14, pp. 32-35, 60). At the plant of the Hedges-Walsh- Weidner 
Division of the Combustion Engineering Co., Inc., New York, 
welded pressure vessels are produced with wall thicknesses up to 5 
in. Three types of steel are used, of which two are modified carbon 
steels and the other a carbon-molybdenum steel containing 0-20°% 
of carbon, 0-60% of manganese and 0-50°% of molybdenum. Plates 
exceeding 2 in. in thickness are first normalised for grain refine- 
ment before any forming is attempted. The shaping of the heavy 
plates is done cold under hydraulic presses. During forming the 
stresses set up by cold-working are relieved by heating the plates to 
1200° F., holding at that temperature for one hour per inch of thick- 
ness and cooling in the furnace. All welding is done by the electric 
arc method using heavily coated electrodes. The design of welded 
joints for all main seams is of the double butt type; fillet welding 
is permitted only in the welding of nozzles, reinforcements and other 
external and internal attachments. 

Special Welding Technique Required in Process for Cladding 
Steel Rolls. (Steel, 1936, vol. 99, Nov. 9, pp. 45-46). Illustrated 
particulars are given of the production of clad-steel rolls at the 
plant of the Youngstown Welding and Engineering Co., Youngs- 
town, Ohio. The rolls are either cut from lengths of seamless 
tubing or formed from steel plates. In certain cases the rolls are 
cast. The covering material is usually monel metal, and is formed 
in two halves—either in rolls or in dies. The semicircular halves 
are pressed on the shell and the joints closed by welding. 

Liquid Brazing. J.M.G. Turnbull. (Engineer, 1936, vol. 162, 
Dec. 11, pp. 622-625; Dec. 18, pp. 648-650). The author describes 
the brazing of steel parts by immersion in molten brass, giving par- 
ticulars of the furnace used, the pickling of the sections, and the 
action and properties of the borax flux and brass. 

Gases and the Formation of Blow-Holes in Welding. H. Blom- 
berg. (Elektroschweissung, 1936, vol. 7, pp. 121-128). The author 
draws parallels between the absorption of gases in casting and in the 
electric arc welding of steel. 
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The Selection of Tool Steels. W. H. Troon and C. R. Day. 
(Metals Treatment Society of Victoria, June 4, 1936: Heat Treating 
and Forging, 1936, vol. 22, Oct., pp. 511-516, 520). The factors 


governing the choice of tool steels for the cutting and forming of 


metals are discussed. (See Journ. I. and §.I., 1936, No. II, p. 217 A.) 

Modern Tools of High Speed. W.R. Frazer. (Metal Progress, 
1936, vol. 30, Dec., pp. 41-45). The author discusses the improved 
efficiency of high-speed steel, brought about by manufacturing and 
heat-treating methods. The author is of the opinion that, for general 
purposes, tungsten-chromium-vanadium steel is the best type of 
high-speed steel. 

The Drilling of Quenched and Tempered Chromium-Nickel Steel. 
F. W. Miiller. (Zeitschrift des Vereines deutscher Ingenieure, 1936, 
vol. 80, June 27, pp. 809-810). Tests on quenched and tempered 
sheets, 4-7 mm. thick, of a chromium-nickel steel, resembling in its 
composition the German standard steel VCN45, demonstrated 
that this material can be drilled economically with spiral drills. 

Drilling Hardened and Tempered Nickel-Chromium Steel. (Metal 
Treatment, 1936, vol. 2, Autumn issue, pp. 142-143). An abridged 
English translation of the above article by F. W. Miiller. 

Determination of Tool Life and Machinability. (Metal Treat- 
ment, 1936, vol. 2, Winter issue, pp. 206-209. An abridged 
translation of an article by W. Reichel which appeared in Maschin- 
enbau, vol. 15, No. 7-8). The author deals mainly with the 
application of a method of measuring the temperature developed 
at the cutting edge, and it is shown that the method is of marked 
utility in finding the relations between tool life and cutting speed 
and in evaluating machinability. 

Machining and Self-Stresses. E.K. Henriksen. (Ingeniérviden- 
skabelige Skrifter, 1937, A., No. 43). The author describes a 
method by which the self-stresses set up immediately below the 
worked surface of metals in the machining process can be determined. 
In tests on mild steel it was found that tensile self-stresses of notable 
magnitude were set up, even with very small cutting depths and 
feeds. These stresses increase with increasing feed, but are less 
dependent on the depth of cut; they are also affected by the tool 
shape. A clear relationship between the wear of the tool and the 
cutting speed has not previously been determined. The self- 
stresses set up by planing at low speeds and without cooling, were 
also measured, and the values obtained are compared with those 
found by Ruttmann in turning tests, with and without cooling ; 
slow turning with cooling produced compressive self-stresses, but in 
the other cases the stresses were tensile. 
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PROPERTIES AND TESTS 





(Continued from pp. 137 A-144 a) 


The Relationship between Mechanical Tests of Materials and their 
Suitability for Specific Working Conditions. N. P. Inglis. (North 
East Coast Institution of Engineers and Shipbuilders, Dec. 1936 : 
Iron and Coal Trades Review, 1936, vol. 133, Dec. 25, pp. 1095- 
1096; 1937, vol. 134, Jan. 1, pp. 3-4). The author discusses the 
various requirements usually embodied in a purchasing specification, 
and deals with the examination of parts that had failed in service 
and the deterioration of mechanical properties under certain service 
conditions. Two particular cases of the deterioration of notched- 
bar impact values as a result of service are reported fully. 

Mechanics of Solid Bodies. I. T. Pésche. (Physik, 1936, 
vol. 4, pp. 131-145). The author presents a survey of recent in- 
vestigations, which is divided into two parts, the first dealing with 
the elastic range and the second with conditions beyond it. In the 
first part he discusses elastic constants, the elasticity of crystals, the 
experimental determination of stresses in the elastic range, basic 
equations of the theory of elasticity, tension and compression, the 
bending of bars and plates, and torsion. In the second part he deals 
with the elastic limit, the yield point and the proof stress, flow and 
plasticity, the strength of crystals, work-hardening, fracture, the 
creep limit, creep, alternating strength, fatigue, elastic after-effect, 
ageing, recovery, corrosion, rolling, drawing and welds. 

Elastic Properties and Their Relationship to Strength and to Strain 
Hardening. M. F. Sayre. (Transactions of the American Society 
of Metals, 1936, vol. 24, Dec., pp. 932-942). The work of various 
investigators has shown that the moduli of elasticity of a metal in 
tension and in shear vary according to the direction in which the 
stress is applied with respect to the crystal axes. Directional 
variations in stiffness will have an influence upon the uniformity 
of stress distribution within a material, and so upon the effective 
strength of the material. The directional gain in strength resulting 
from proper grain flow in hot- or cold-working is, in part, explained 
by the development of more satisfactory stress distribution relation- 
ships between the grains. The variations in effective elastic 
stiffness in adjacent grains or from spot to spot in the face of a 
sheet may prove to be one factor in the occurrence of poor surface 
or other erratic behaviour in the pressing of sheets. 

Some Measurements in the Neighbourhood of the Yield Point 
of Mild Steel. G. Welter. (Wiadomosci Instytutu Metalurgji 
i Metaloznawstwa, 1936, vol. 3, No. 4, pp. 199-204). As a supple- 
ment to a research on the phenomena occurring at the yield point 
of mild steel, experiments have been made to determine the in- 
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fluence of the testing machine (methods of applying and measuring 
the load) and of the rate of flow of the material on the results ob- 
tained. Tests were made in a 5-ton Amsler machine on 3-5 mm. 
dia. specimens of mild steel; the load was measured by a very light 
bar dynamometer attached directly to the test-piece, and the 
elongation was measured with an extensometer fastened to the 
specimen. The tests were made under three conditions of loading : 
(a) Stiff rigid loading; (b) semi-rigid loading with the pendulum 
dynamometer of the testing machine connected, the results being 
checked by the machine diagram; and (c) elastic loading, a spiral 
spring being inserted between the end of the specimen and the load- 
applying system, with and without the pendulum dynamometer. 
The resulting stress-strain curves are reproduced; the conditions 
under elastic loading are shown to be quite different from those under 
the other conditions. The use of the dynamometer of the machine 
had no serious effect on the results under the conditions of slow 
but steady load increments employed. The tests with elastic loading 
showed that in the neighbourhood of the yield point the material 
elongated rather more rapidly than the load increased, but there 
was no indication of accelerated flow under constant load nor of 
any decrease of stress. Hence, mild carbon steel passes first through 
the lower and then through the upper yield point. Any decrease 
of stress at the yield point must be attributed to the effect of the 
elongation of the specimen on the dynamometer indicator of the 
testing machine. 

The Impact Strength and Notch Sensitiveness of Cast Iron. 
E. Piwowarsky. (Giesserei, 1936, vol. 23, Dec. 18, pp. 674-685). 
After reviewing the previous literature on the subject, the author 
gives an account of his own experiments on the factors influencing 
the impact strength and notch sensitiveness of cast iron. The 
values for the impact toughness obtained are influenced by the shape 
of the test-piece and by the distance apart of the supports; speci- 
mens with a cross-section of less than 1 sq. em. are less suitable for 
making the test in the as-cast condition. The speed of impact 
has an even greater effect on the values obtained; the casting skin 
has practically none. Low carbon content and suitable heat treat- 
ment are the best means of obtaining high impact strength in cast 
iron. The notch sensitiveness of cast iron increases with the quality 
of the material. It is possible to obtain good notch toughness in 
irons with higher phosphorus contents by keeping the carbon content 
low. The author points out that international standardisation 
of the impact test for grey cast iron is very desirable. 

Laws and Fundamentals of Plastic Deformation. A. V. de Forest. 
(Transactions of the American Society for Metals, 1936, vol. 24, 
Dec., pp. 783-788). The author reviews the difficulties involved in 
setting up either laws or fundamental knowledge in the field of plastic 
deformation. In the simplest possible case, that of single crystals, 
the outward mechanism and the results of deformation are known, 
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but, as yet, the reasons for the locations of slip planes relative to each 
other or the factors which limit the extent of slip on a plane are 
not understood. The effect of large deformations is briefly discussed. 

Internal Stresses in Steel. R. Hunter. (Metal Treatment, 
1936, vol. 2. Winter issue, pp. 165-170). The author discusses 
internal stress in cold-worked, heat-treated and welded steel, 
with particular reference to its magnitude and effects. The scarcity 
of information on certain important aspects is pointed out. 

Stresses in Wire Ropes. C. D. Meals. (Wire Industry, 1936, 
vol. 3, Nov., p. 495; Dec., pp. 541-543). The author presents 
formule for determining the bending stresses in wire ropes, and 
includes the results of bending tests. 

Fatigue in Relation to Failures in Forgings. RK. A. MacGregor. 
(Metal Treatment, 1936, vol. 2. Winter issue, pp. 173-180). 
The author deals from a practical standpoint with aspects of fatigue 
such as notch-sensitivity, scale effect and damping capacity, and 
with a number of cases of fatigue failure in marine forgings. 

Damping Capacity—Its Variation and Relation to Other Physical 
Properties. G. R. Brophy and E. R. Parker. (Transactions of the 
American Society for Metals, 1936, vol. 24, Dec., pp. 919-931). 
Damping capacity of steel is greatly influenced by such factors 
as stress, chemical composition, structure, heat treatment, mech- 
anical work and temperature. These factors are dealt with briefly, 
and in addition the relation of damping capacity to fatigue and creep 
performance is shown. 

Self-Stresses and Bending Fatigue Strength of Nitrided Steel 
Specimens. R. Mailander. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 10, Dec., pp. 257-261). The author presents test data 
on the dimensional changes and self-stresses set up when steel speci- 
mens are nitrided, relates them to the thickness of the specimen, 
and explains them by the volume increase of the nitrided layer, 
which has been proved by specific gravity measurements. Unlike 
the dimensional changes during quenching and case-hardening, 
those occurring during nitriding are very regular; allowance can 
therefore be made for them, and in many cases the further working 
of pieces after nitriding can be avoided. Owing to the increase 
of volume, considerable compressive stresses are set up in the 
nitrided skin; nevertheless, the increase of fatigue strength brought 
about by nitriding appears to be due, not to these stresses, but to 
the intrinsic higher fatigue strength of the nitrided layer itself. 
With thick specimens the effect of nitriding is, essentially, to exclude 
the influence of the surface condition and of shallow notches, 
so that the ideal fatigue strength of the inner material can be devel- 
oped. With specimens of an ordinary nitriding steel (carbon, 
0-35%; chromium, 1-4°%; aluminium, 1:1%; nickel, 18%; 
molybdenum, 0-25°%%) a bending fatigue strength of about 64 kg. 
per sq. mm. and a fluctuating fatigue strength of 89 kg. per sq. 
mm. were determined. The calculated bending stress which, 
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on a single loading, would cause the nitrided layer to crack was 
found to be between 110 and 140 kg. per sq. mm. for this same steel ; 
it increased with decreasing thickness of specimen and increasing 
core strength. Even single overloads of this magnitude must be 
avoided absolutely in nitrided parts. 

The Effect of Specimen Form on the Resistance of Metals to 
Combined Alternating Stresses. H. J. Gough and H. V. Pollard. 
(Proceedings of the Institution of Mechanical Engineers, 1936, 
vol. 132, pp. 549-573). The authors describe further experiments 
made during a research into the resistance of metals under combined 
alternating plane flexural and torsional stresses. In a previous 
paper (Proceedings of the Institution of Mechanical Engineers, 
1935, vol. 131, p. 3) they described the specially designed high- 
speed fatigue testing machine developed for the research and the 
results obtained with two ductile steels and a brittle cast iron. 
It was found that the fatigue limits of the ductile steels, under all 
the combinations of stress investigated, could be represented by a 
simple relationship (an ellipse quadrant) f?/f,? + q?/q,2 = 1, where 
f and q refer respectively to the applied bending and torsional stresses 
at the fatigue limit of the combination, while f, and g, denote respect- 
ively the fatigue limits under simple bending and pure shear. 
In these previous experiments solid round specimens were employed. 
It was considered very desirable to investigate whether the ellipse 
quadrant was equally applicable to hollow circular sections; the 
settlement of this point was of importance as indicating whether 
the quadrant might be used generally in technical design, for instance, 
for hollow crankshafts, &c. Determinations were therefore made 
of the resistance of the same two steels as were used in the previous 
work, but using hollow specimens. ‘The ratio of the external to the 
internal diameter D/d was 1}. The results show that, as expected, 
the nominal values of the fatigue limits are influenced to varying 
degrees, depending on the material investigated and the imposed 
stress conditions, by the form of section of the specimen. But 
it has emerged clearly that, for each material and irrespective of 
whether solid or hollow specimens are used, all the results may be 
expressed by the same general form of ellipse quadrant. 

Resistance to Damage by Overstress of Precipitation-Hardened 
Copper Steel and Copper Malleable. H. W. Russell. (Metals and 
Alloys, 1936, vol. 7, Dec., pp. 321-324). A copper steel containing 
1-2% of copper carrying the copper in solution (7.e., without precipit- 
ation-hardening treatment) showed rather poor resistance to 
overstress, but after precipitation-hardening it showed very good 
resistance to overstress, especially on the notched specimens. 
Similarly a 1-12% copper malleable cast iron in the non-precipit- 
ation-hardened state appeared to have no resistance at all to over- 
load, the “‘ damaged lines” being horizontal at the endurance 
limits. Precipitation-hardening improved the resistance to over- 
load. A Ford crankshaft alloy, sometimes called steel, but termed 
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by the author “ cast pearlitic malleable’, since it is cast white and 
then malleablised, likewise showed, in the as-received condition, 
only slight ability to stand loading above the endurance limit 
on the standard specimens and none on the notched specimens. 
This alloy, containing 1-78°% of copper and 1-66% of carbon, is 
not markedly improved in static strength by precipitation-hardening, 
since the high-carbon steels and irons carrying suitable copper 
contents for precipitation-hardening effects do not respond to the 
precipitation-hardening treatment to any marked degree. But 
while the strength of the cast shaft alloy is not affected, there will 
nevertheless be a separation of discrete, though sub-microscopic, 
particles, which exert a “ cushioning ” effect within the alloy and 
mitigate the effect of over-stress. In all cases studied the separation 
of sub-microscopic particles of copper by the precipitation-hardening 
treatment conferred marked resistance to overstress. 

Repeated Stresses on Structural Elements. F.C. Lea. (Journal 
of the Institution of Civil Engineers, 1936, Nov., No. 1, pp. 93- 
120). The author describes certain experiments carried out to 
determine the safe range of stress that can be applied to structural 
elements for a certain specified number of times. Repeated stress 
experiments were carried out on mild-steel plates with various 
mean stresses and ranges of stress. The specimens used were: 
(1) plane specimens, (2) plane specimens having holes ranging 
from ;i},5 to } in. in dia., (3) riveted specimens forming simple 
tie-bars, and (4) bolted specimens in which the grip of the cover 
plates was carefully controlled by the nuts. The results are also 
reported of repeated-stress tests on cold-drawn wires for suspension 
bridges and on weld metal and welded joints. 

The Influence of Vibrations on the Mechanical Properties of 
Structural Materials. G. Welter and A. Bukalski. (Wiadomosci 
Instytutu Metalurgji i Metaloznawstwa, 1936, vol. 3, No. 4, pp. 
205-211). Materials of construction (parts of bridges, aeroplane 
wings, &c.), working under high loads, are often subjected simul- 
taneously to vibrations. The authors have made tests on a number 
of metals, including steel, to determine the influence of vibration 
on the mechanical properties. The specimens were in the form of 
wires and specially shaped test-pieces the test length of which 
varied from 75 to 150 mm. with diameters of 3-5-6-5mm. They were 
kept in vibration by means of a bow during the whole period of 
test. All the mechanical properties (elastic limit, breaking strength, 
elongation, work done to fracture) were depreciated by the effect of 
the vibrations; the experiments lasted from 5 to 15 min., so that 
the influence of vibration is relatively great, and under the prolonged 
loading often met with in practice the influence must increase 
if the loads, the temperature and the frequency of the vibrations 
are raised. 

The Wear of Iron Alloys on Mineral Materials. KE. Knipp. 
(Giesserei, 1937, vol. 24, Jan. 15, pp. 25-28). The author describes 
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a new wear test in which the wear of, say, steel when rubbing against 
such substances as burnt magnesite brick can be determined. 
The brick is mounted in the chuck of a lathe and the steel specimen 
(a round rod) is held in the tool-holder at an angle of 45° to the axis 
of the lathe. The brick is revolved at 40 r.p.m., while the tool- 
holder is advanced at a rate of 5 mm. per min.; rubbing contact is 
allowed to continue for 3 min., after which the loss of weight of the 
specimen is determined. The results of tests on cast electric steels 
to show the influence of carbon, manganese, molybdenum and 
chromium in the steel on its wear resistance are recorded. In 
conclusion the Brinell hardness and wear resistance of a number of 
steels and irons are correlated. 

Wear of Cast-Iron Piston Rings in Crude-Oil Engines. K. Sipp. 
(Stahl und Eisen, 1937, vol. 57, Jan. 14, pp. 42-43). On the assump- 
tion that the demand for piston rings could be used as a criterion 
of their wear, the consumption of rings for crude-oil tractors over 
a period of about ten years was determined. While the cylinders 
were always made in perlit iron, this material was used for the rings 
only in the later period. It was found that the wear was less with 
perlit rings than with rings of other material. The Brinell hardness 
alone gives no measure of the wear-resistance of cast iron. The 
investigation indicated, further, that the wear properties of an iron 
with coarse graphite in a purely pearlitic ground-mass were better 
than those of an iron in which the graphite refinement had been 
carried too far. ? 

Magnetic and Electrical Properties of the System MO.Fe.0,. 
J.L.Snoek. (Physica, Haag, 1936, vol. 3, pp. 463-483). In order 
to determine whether homogenous phases or two-phase systems 
occurred in the binary systems of various oxides, electrical and mag- 
netic measurements were made on systems of the form MO.Fe,0., 
in which “‘ M ” represents iron, manganese, copper, nickel or mag- 
nesium. The results are presented and discussed. 

Development of Transformer Steel in North America. T. D. 
Yensen. (Stahl und Eisen, 1936, vol. 56, Dec. 24, pp. 1545- 
1550). The author first gives some production and other figures 
to show the importance of research in the field of transformer 
steels and to indicate the economies arising from their improvement. 
He then discusses the influence of carbon, oxygen, sulphur, phos- 
phorus and the size and orientation of the grain on the watt losses 
in pure iron. He then deals with the production of the optimum 
grain orientation in transformer sheets by a suitable combination 
of cold-work and annealing. In conclusion, he indicates the high 
magnetic qualities of silicon steel treated in this way. 

Contributions to the Data on Theoretical Metallurgy. V. Heats 
of Fusion of Inorganic Substances. K. K. Kelley. (United States 
Bureau of Mines, 1936, Bulletin No. 393). In the present work 
values are derived for a wide variety of substances, and they are 
compared, whenever possible, with results obtained by other means. 
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Heat-of-fusion data are essential in thermodynamic calculations 
for metallurgical reactions in which any reactant or product is in 
the liquid state. 

Contributions to the Data on Theoretical Metallurgy. VI. A 
Revision of the Entropies of Inorganic Substances—1935. K. K. 
Kelley. (United States Bureau of Mines, 1936, Bulletin No. 394). 
The entropy values at 298-1° K. for the elements and inorganic 
compounds, on which sufficient data were available for calculation 
in 1931, were discussed in a previous publication (Bulletin No. 350). 
Since that time the specific heats at low temperatures of many 
more inorganic substances have been determined, and considerable 
advances have been made in the realms of spectroscopy applicable to 
the determination of thermodynamic properties. The new values 
now obtained are given in the present publication and revision is 
made of the older values where necessary. 

A Simple Arrangement for the Measurement of Thermal and Elec- 
trical Conductivity. F. Forster. (Zeitschrift fiir Metallkunde, 
1936, vol. 28, Nov., pp. 337-340). In the apparatus described, 
the thermal conductivity of the unknown sample is compared with 
that of a standard specimen under exactly similar conditions. 
The specimens are very small, and the temperature drop amounts 
to no more than 6° C.; the error in the comparison does not exceed 
1%. <A test can be carried out in 15 min. The apparatus is so 
arranged that the electrical conductivity can be measured simul- 
taneously. It is intended to rearrange the apparatus for making 
tests at raised temperatures. 

A Simple Apparatus for the Determination of the Thermal 
Conductivity of Metals. H. Krainer. (Zeitschrift fiir technische 
Physik, 1936, vol. 17, pp. 281-282). An apparatus is described 
‘which, despite its simplicity of operation, gives comparatively 
accurate results for the thermal conductivities of metals. 

Cracks in Stellited Valve Seats and the Average Coefficient of 
Thermal Expansion of Two Stellites. H. Cornelius and F. Bollenrath. 
(Zeitschrift fiir Metallkunde, 1936, vol. 28, Dec., pp. 383-385). 
The authors have investigated the cause of the formation of cracks 
in the stellite coating of an aero-engine exhaust valve. ‘They attri- 
bute it to the considerable difference between the coefficients of 
thermal expansion of stellite and steel. The coefficients for two 
grades of stellite and an austenitic tungsten valve steel are tabulated. 
The structure of the stellite layer gives an indication of the maximum 
temperature which the valve seating surface had reached in 
operation. 

A Precision Recording Dilatometer. RK. A. Ackley and F. M. 
Walters, jun. (Metals and Alloys, 1936, vol. 7, Dec., pp. 314— 
320). A new high-precision recording differential dilatometer 
is described which records automatically and simultaneously a 
differential dilatation-temperature curve obtained photographically 
and a time-temperature curve drawn by a pen. The instrument 
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is designed particularly for determining the temperatures of trans- 
formations in metals and alloys, and also for studying the progress 
of such transformations at constant temperatures or at constant 
rates of heating and cooling. It may be used in investigations 
involving temperatures between 25° and 1100° C. and differential 
length changes of 0-00005 to 0-01 in. 

Notes on the Research being carried out by the British Electrical 
and Allied Industries Research Association on the Creep and Corrosion 
of Steels for Use at High Temperatures. D. V. Onslow. (Proceed- 
ings of the Institution of Mechanical Engineers, 1936, vol. 133, 
pp. 533-538). 

The Influence of Phosphorus on the Properties of Basic Unalloyed 
Steel. A. Ristow. (Mitteilungen der Kohle- und Eisenforschung 
G.m.b.H., 1935, vol. 1, Nov., pp. 49-84). (See Journ. I. and S.L., 
1936, No. II., p. 231 A.) 

Properties and Alloys of Beryllium. L. L. Stott. (Transactions 
of the American Institute of Mining and Metallurgical Engineers, 
1936, vol. 122, Institute of Metals Division, pp. 57-73). A survey 
of published information on the properties of beryllium and its 
alloys, including berryllium-iron alloys. 

The Choice of Steels for Particular Purposes. G. E. Wolsten- 
holme. (Proceedings of the Institution of Mechanical Engineers, 
1936, vol. 133, pp. 515-523). Information concerning the properties 
of a number of steels, their composition and general applications is 
tabulated. A table is also given showing the approximate strength/ 
weight ratios of different steels and other materials. 

Corrosion-Resistant Metals. F.N.Speller. (Mechanical Engin- 
eering, 1936, vol. 58, Dec., pp. 781-783). An introductory paper to 
a symposium on corrosion-resistant metals, held by the American 
Society of Mechanical Engineers. 

Zinc in the Chemical Industry. E. A. Anderson. (Mechanical 
Engineering, 1936, vol. 58, Dec., pp. 799-802). The author dis- 
cusses the corrosion resistances of zinc coatings and refers to the 
applications of zinc-coated steel in the chemical industry. 

Cast Iron in Chemical Equipment. H.L. Maxwell. (Mechanical 
Engineering, 1936, vol. 58, Dec., pp. 803-808, 845). The author 
describes the compositions and characteristics of grey cast iron and 
alloy cast irons used in the chemical industry. 

Corrosion-Resistant Stainless Steels and Irons. J. H. Critchett. 
(Mechanical Engineering, 1936, vol. 58, Dec., pp. 823-826). A 
discussion of the corrosion-resistant chromium-bearing steels avail- 
able for use in industry. A table is given which indicates the 
resistance of the various chromium-bearing steels to womn corrod- 
ing media. 

Evolution of New Metals. B. D. ibdaewiile, (Industrial 
and Engineering Chemistry, 1936, vol. 28, Dec., pp. 13866-1374). 
Recent trends in the development of metals and alloys for chemical 
equipment are discussed. It is pointed out that laboratory tests to 
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determine the corrosion-resistance of metals can give only a rough 
indication of the types of materials to be used for a particular 
operation. In the selection of high-tensile corrosion-resistant steel 
for equipment such as hoppers, tanks, conveyors, &c. preference 
should be given to the steel that produces initially the toughest, 
most homogeneous and densest film or scale. In the development 
of alloys, especially ferrous, when several alloying elements are used 
simultaneously, the resultant properties have no definite relation 
to the properties that would be obtained if the alloying elements 
were used separately. In spite of the advance of the art of alloying, 
a strong tendency exists towards composite metal articles where two 
or more different metals are united by some process of adhesion, 
such as sintering, welding, electroplating, &c. 

Steels Resistant to Scaling and Corrosion. Florence Fenwick 
and J. Johnston. (Industrial and Engineering Chemistry, 1936, 
vol. 28, Dec., pp. 1374-1380). The authors discuss the range of 
usefulness of some of the corrosion-resistant alloy steels. They 
advance the view that the corrosion resistance of a metal depends 
upon the extent to which the product of its reaction with the 
environment isolates the metal from the environment; it thus 
depends upon the environment as well as upon the metal. The 
isolating agent is a film which may in many environments be 
protective against further attack, as in the stainless steels, or moder- 
ately impervious, as in some of the newer rust-resistant steels, 
or relatively impervious and unstable, as in ordinary ferrous 
materials. The difference is thus in degree rather than in kind, 
and appears to be associated with differences in the ability of the 
film to resist breakdown or to heal itself if broken. 

Discussion of the New Ferrous Alloys for the Oil Industry. L. W. 
Vollmer and B. B. Wescott. (Industrial and Engineering Chem- 
istry, 1936, vol. 28, Dec., pp. 1379-1380). The most significant 
progress in combating corrosion has been made in the use of heat- 
treated low-carbon, nickel-molybdenum steels for sucker rods, one 
type of which contains approximately 0-20°% carbon, 1-75% nickel 
and 0:25% molybdenum, and the other 0-05°%, carbon, 3-50°% nickel 
and 0:25°%%, molybdenum. These two steels exhibit a much lower 
susceptibility to sulphide embrittlement and a high resistance to 
corrosion and sulphide corrosion-fatigue, although their endurance 
limits in air do not exceed those of ordinary steels used for sucker 
rods. The types of steels available for other oil-well equipment 
are briefly discussed. 

Chromium and Its Alloys. W. J. Priestley. (Industrial and 
Engineering Chemistry, 1936, vol. 28, Dec., pp. 1381-1386). The 
author discusses the various types of chromium steels available for 
use in chemical equipment, indicating their characteristics and 
particular applications. 

Discussion of Chromium-Bearing Steels in Pressure Vessel 
Construction. R. K. Hopkins. (Industrial and Engineering 
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Chemistry, 1936, vol. 28, Dec., pp. 1386-1387). A brief discussion 
of the types of chromium steels used in the construction of pressure 
vessels. The use of composite steel plates is referred to. 

Nickel and Corrosion-Resisting Nickel Alloys. R. J. McKay. 
(Industrial and Engineering Chemistry, 1936, vol. 28, Dec., pp. 
1391-1397). The author outlines the most useful developments 
in nickel alloys during the past few years, and surveys the properties 
of commercially pure nickel, the Monel metals, copper-nickel 
alloys, the nickel silvers, Inconel, nickel-clad steel, nickel 
electroplate, nickel and alloy welding rods, and nickel cast iron. 

Valves for High Duty. (Nickel-Berichte, 1936, vol. 6, pp. 125- 
128). The materials suitable for valves of all kinds are discussed. 
While numerous materials will give a comparatively long life 
under conditions that are not too severe, when the temperature is 
raised, the corrosive conditions are accentuated and the mechanical 
wear increases, the problem of the choice of material becomes 
important. Numerous nickel alloys have been found suitable, 
among them being austenitic chromium-nickel steel and copper- 
nickel cast iron. The particular aspect to be considered in making 
a choice of material is discussed fully. 

Technology in the U.S.S.R. M. Precoul. (Chaleur et Industrie, 
1936, vol. 17, Dec., pp. 498-500). The author gives brief details 
concerning the compositions and mechanical properties of valve 
steels used in the Russian automobile industry, and then describes 
very shortly the Metropolitan Railway of Moscow. 

The Production and Properties of Steel Made from Carbonyl 
Iron. E. K. Offermann. (Mitteilungen der Kohle- und Eisen- 
forschung G.m.b.H., 1936, vol. 1, June, pp. 85-120). (See Journ. 
I. and §.I., 1936, No. IT., p. 264 a.) 

The Application of Strip Steel to Conveyor Belts. W. Schmick. 
(Stahl und Eisen, 1936, vol. 56, Dec. 31, p. 1588). The author 
gives a short note on tests made in a colliery of the Hoesch-K6lIn 
Neuessen A.-G. fiir Bergbau und Hiittenbetrieb on steel conveyor 
belts. Belts of two types of steel (0-33 and 0-41% of carbon; 
54 and 75 kg. per sq. mm. tensile strength) with riveted joints of 
various kinds were examined, first in a flat form and then in a trough 
form of conveyor. Swedish strip steel “Sandvik 12C,” with 
0-65%, of carbon, was also successfully cold-rolled finally into belts 
150 m. long and 800 mm. wide; by heat treatment a tensile strength 
of 122 kg. per sq. mm. was developed, but no running tests were made. 
The 0-41% carbon steel belt behaved quite satisfactorily. 

British Standard Specification for Hot Rolled Mild Steel Strip 
(or Hoop) not Exceeding 10 inches Wide for General Engineering 
Purposes. (British Standards Institution, No. 725, M37). 
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The Applicability of Polarised Light in the Structural Investigation 
of Iron and Steel. P. Schafmeister and G. Moll. (Technische 
Mitteilungen Krupp, 1937, vol. 5, Feb., pp. 9-16). (Seep. 874.) 

Suitable Conditions of Exposure in Making X-Ray Photographs. 
E. A. W. Miiller. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 
10, Dec., pp. 267-273). As a measure of the ability to detect defects 
by means of radiographs, the German standards recommend the 
photographing of wires of stepped thickness. Tests with other 
comparison bodies—stepped sheets, and sheet packs in which 
cylindrical holes filled with a mixture of powdered iron and paraffin 
wax represented slag inclusions—showed that the ability to detect 
with stepped wires, pores and slag inclusions is not the same. When 
making X-ray photographs of objects, it is essential to make ex- 
posures of comparison bodies at the same time, in order to avoid 
doubts as to the degree of detection attained, which are possible 
if the voltage applied to the X-ray tube is too great. With regard 
to recent developments of intensifying screens and films, tests on the 
most suitable conditions of exposure for steel and cast iron were 
made. The law applying when working with simple films, namely, 
that the exposure must be proportional to the square of the distance 
from the focus to the film to produce equal darkening, no longer 
applies when using intensifying screens; here the blackening of the 
film is brought about essentially by the violet and ultra-violet 
fluorescence from the screen. For the film and screen arrangement 
investigated by the author, the following relationship between 
the exposure time ¢ and the distance between the focus and the 
film r, which is constant for the range of strength of X-rays used in 
practice, was found: ¢,/t; = (r,/r,)!. The same principles apply 
to the variation of the radiation intensity at constant distance be- 
tween focus and film but with different intensifying screens, but 
there are difficulties in the way of making measurements of this, 
owing to changes in the tube current arising out of changes in the 
shape of the current and voltage curves when the load on the X-ray 
tube is varied. On the basis of the measurements made and 
data in the literature, the author has drawn up a complete exposure 
diagram for cast iron and steel, which takes account of the different 
densities of cast iron and steel, the various arrangements of the film 
and intensifier screen, the ‘‘ distance ” law and the border effect ; 
by border effect is meant the lightening of the film caused by the 
oblique, longer path of the rays in the specimen at the border of 
plate-shaped bodies. 
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The Examination of Welds by Means of X-Rays. V. Schons. 
(Ossature Metallique, 1936, vol. 5, Dec., pp. 569—571). A brief 
note on X-rays and their use in the non-destructive examination 
of welds in steel structures. 

The Primary Structure of Cast Iron. R. Mitsche. (Archiv 
fiir das Eisenhiittenwesen, 1936, vol. 10, Dec., pp. 263-266). The 
author has examined the primary structure of normaily-melted 
white and grey cast iron and also of superheated grey iron. Besides 
the Baumann test applied by F. Roll, the suitability of the Ober- 
hoffer etching reagent for developing the primary structure was 
examined, and it was found to be usable for a large group of white 
and grey types of iron, while for other kinds it was of no use. In 
white iron the primary structure is essentially dendritic, while 
in grey iron both dendritic and globular freezing occur. The super- 
heating of grey iron favours the development of a dendritic primary 
structure. The connection between the primary structure and the 
graphite form is shown in a superheated grey iron. 

Statistical Investigations of Structure. II.—Measurement of the 
Spatial Grain Size. E. Scheil and H. Wurst. (Zeitschrift fiir 
Metallkunde, 1936, vol. 28, Nov., pp. 340-343). The authors 
deal with the estimation of the spatial or three-dimensional grain- 
size from observations made on numerous sections very close to 
one another (illustrated by means of Armco iron), the calculation 
of the spatial grain size on the basis of various assumptions, and simple 
approximations for determining it. (See Journ. I. and §.1., 1936, 
No. I., p. 107 A.) 

Chart for the Estimation of Inclusions in Steel. (Metal Treat- 
ment, 1936, vol. 2, Winter issue, pp. 190-193). Particulars are 
given of the chart and methods used for estimating the slag inclusions 
in rolled or forged steel, issued by Jernkontorets, and described by 
B. Rinman, H. Kjerrman and B. Kjerrman in Jernkontorets Annaler, 
1936, vol. 120, pp. 199-225. (See Journ. I. and §.I., 1936, No. IT., 
p. 1794.) 

Nucleus Formation during Recrystallisation. III.—The Orient- 
ation of the Recrystallisation Nucleus. M. Kornfeld. (Physi- 
kalische Zeitschrift der Sowjetunion, 1936, vol. 10, No. 2, pp. 
142-153). It is shown that the rate of formation of recrystallisation 
nuclei has a maximum value in the plastically stretched part of a 
erystal, and their orientation differs considerably from the preferred 
orientation. The experimental work on which these findings are 
based was done on single crystals of aluminium. 

Structure and Properties of Chromium-Manganese Steels with 
Contents of up to 1% C, 15% Mn and 30%, Cr. F. Brihl. (Archiv 
fiir das Eisenhiittenwesen, 1936, vol. 10, Dec., pp. 343-255). The 
author has investigated the properties of high-alloy chromium- 
manganese steels with various contents of chromium, manganese 
and carbon. Quenching tests showed that manganese does not 
extend the austenite region to lower carbon contents; the formation 
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of austenite is much more dependent on the conditions of the 
Fe-Cr-C system. Manganese lowers only the critical cooling rate, 
and causes the austenite, when once formed, to be stable on long 
tempering ; for this, manganese contents exceeding 5°% are necessary. 
According to the carbon content, the structure of quenched alloys 
consists of ~, (« + y) or y solid solutions with various contents of 
carbide. In alloys with more than 10°% of manganese, which 
on tempering after quenching form stable austenite, if an (« + y) 
mixed structure exists after quenching, the « solid solution breaks 
down into FeCr + austenite. Alloys with 30° of chromium also 
transform into the compound FeCr on tempering. The extent and 
velocity of the transformation are conditioned by the carbon, 
manganese and chromium contents; increased manganese aids 
the formation of FeCr solid solution, while raising the carbon con- 
tents restricts it; the most favourable temperature for the trans- 
formation is about 700° C. The formation of FeCr was proved 
by X-ray, metallographic, hardness and magnetic saturation tests. 
Mechanical tests showed the influence of quenching and tempering 
on the various alloys; here, again, the occurrence of the compound 
was Clearly indicated. The weldability of those alloys which were of 
technical interest was adequate; heat treatment of the welds was 
necessary to obtain satisfactory elongation and Erichsen values 
in the welded sheet samples. The corrosion resistance of these 
alloys was inferior to that of the usual rustless chromium-nickel 
steels ; they were tested in nitric, acetic and sulphuric acid solutions, 
and also in a mixture of steam and air. The resistance to scaling 
was also less than that of the heat-resisting steels in use to-day. 

Transformation, Hardening and Tempering Phenomena in Steels 
with Carbon Contents of up to 1°/, and Chromium up to 12%. W. 
Tofaute, A. Sponheuer and H. Bennek. (Technische Mitteilungen 
Krupp, 1936, vol. 4, Nov., pp. 172-180). (See Journ. I. and S.L., 
1935, No. I., p. 509.) 

Some Aspects of Steel Chemistry. J. Johnston. (Industrial 
and Engineering Chemistry, 1936, vol. 28, Dec., pp. 1417-1423). 
The author discusses the transformations in iron during heating 
and cooling, and explains the effect of temperature on the structure 
and the effects of austenitic grain size and alloying elements on the 
transformation rate. 

The Development of Ideas on the Transformations in Steel. 
G. B. Willey. (Metal Treatment, 1936, vol. 2, Winter issue, pp. 
181-183, 189). A survey of the work of different investigators on 
the transformations that occur in steel during heating and cooling. 
The author traces some steps in the development of present-day 
ideas on this subject. 

The Various Conditions of Ordinary Steels, Annealed, Quenched, 
Hyperquenched and Intermediate States, according to Dilatometric 
Cooling Curves. J. Seigle. (Génie Civil, 1937, vol. 110, Jan. 
2, pp. 11-14). The author discusses the effect of various methods 
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of cooling or quenching on the properties of steels as revealed by 
dilatometric measurements. Besides the more ordinary cases of 
quenching and cooling, the author also considers such cases as cool- 
ing slightly from the reheating temperature and then quenching 
at room temperature, quenching in a bath at a raised temperature 
followed by cooling to room temperature, ordinary. quenching 
followed by cooling to a low sub-zero temperature, &c. 

The Observation of Transformations in Metals in the Solid State. 
W. F. Brandsma and E. M. H. Lips. (Zeitschrift fiir Metallkunde, 
1936, vol. 28, Dec., pp. 381-382). By means of a simple torsion 
apparatus, the relation between the rate of torsion and changes 
in the solid state has been examined. In a steel with 0-16% of 
carbon it was found that an unstable change in the torsion rate 
occurred on exceeding the A, point. 

The Total Reflecting Power of Iron as a Function of Temperature 
in the Neighbourhood of the Curie Point. L.S. Ornstein and J. H. 
van der Veen. (Physica, Haag, 1936, vol. 3, pp. 289-300). The 
variation of the total reflecting power of iron with temperature 
in the neighbourhood of the Curie point was determined. In analogy 
with the corresponding measurements in nickel made by Gerlach 
and Léwe, it is concluded that the internal magnetic field does not 
vanish suddenly at the Curie point. 

An Investigation of the Zinc-Rich Portion of the System Iron- 
Zinc. E. C. Truesdale, R. L. Wilcox and J. L. Rodda. ('Trans- 
actions of the American Institute of Mining and Metallurgical 
Engineers, 1936, vol. 122, Institute of Metals Division, pp. 192- 
230). Part I. of this paper deals with measurements of the solubility 
of iron in liquid zinc; microscopic, conductivity and X-ray studies 
of the solid solubility of iron in zinc; and heating and cooling curves. 
Part II. contains a review of published work having a bearing on 
the constitution of the iron-zine system, including the structure of 
galvanised coatings. 
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(Continued from pp. 150 a-152 a) 


The Influence of Organic Substances on the Corrosion of Metals 
by Mineral Reagents. M. V. Perchke and Mme. A. Vinogradova. 
(Chimie et Industrie, 1936, vol. 36, Dec., pp. 1101-1108). All 
organic substances can be divided into two groups according to 
their influence on the corrosion of metals by mineral reagents : 
(1) Neutral or protective substances, in which class the majority 
of organic materials fall; and (2) substances which activate sensibly 
the corrosion, that is, easily-reduced substances. To increase the 
protective action of the first group, they must be added before the 
corrosive agents, while the adverse effect of the second group is 
diminished if they are added after the commencement of corrosion. 
The authors offer a theoretical explanation of the behaviour of these 
two groups of organic materials. Among the metals included in 
the authors’ tests was boiler-plate steel, the corrosive agent for this 
being sulphuric acid solution. 

Some Consequences of Graphitic Corrosion of Cast Iron. W. A. 
Wesley, H. R. Copson and F. L. Laque. (Metals and Alloys, 1936, 
vol. 7, Dec., pp. 325-329). Three ways in which the formation of a 
graphitised layer upon cast iron can influence subsequent corrosion 
processes are discussed and illustrated by experiment or by examples 
from commercial practice. The graphitised coating may decrease 
or prevent further corrosion of the cast iron base, it may accelerate 
it, or it may accelerate the corrosion of uncoated iron in galvanic 
contact with the graphitised part. The latter effect may be of com- 
mercial interest when a graphitised piece of equipment such as a 
pump is equipped with a new part such as an impeller, or where a 
part of the equipment is kept free of graphite by erosion. In such 
cases the galvanic effect can be minimised by making the bare part 
of an alloy cast iron. 

Concealed Corrosion of Insulated Metal Panels. H. G. Bersie. 
(Iron Age, 1936, vol. 138, Dec. 17, pp. 52-53, 109). The panels used 
in air conditioning equipment usually consist of sheet metal glued 
to an insulating core. In manufacture the core or centre is dried 
down to a moisture content of about 3 or 4%. This moisture in the 
core leads to severe corrosion of the sheet metal. The corrosion 
will be very rapid if the glue or cement used is moderately alkaline 
or acidic, but will be practically negligible if the glue is neutral or 
mildly alkaline. The author has measured the capacity of certain 
glues to develop alkalinity and presents curves showing the difference 
in alkalinity between various types. 

Discoloration and Corrosion in Canned Cream. C. J. Jackson, 
G. R. Howat and T. P. Hoar. (Journal of Dairy Research, 1936, 
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vol. 7, pp. 284-290: International Tin Research and Development 
Council, Technical Publication, Series A, No. 49). Several defects 
in canned cream after some months’ storage have been classified : 
(1) “‘ purpling ” of the can, due to a film of tin sulphide, (2) pitting 
of the can, associated with (3) formation of black patches and of 
black specks in the body of the cream, consisting of ferrous sulphide, 
stannous oxide or both. ‘“‘ Purpling”’ is produced by excessive 
time and temperature of sterilisation, owing to the liberation of 
active sulphur compounds which attack the tin. Addition of sodium 
bicarbonate up to 5 g. per gallon has, if anything, a slightly bene- 
ficial effect. Examination of cans after 6 weeks’ storage showed that 
pitting, if present, was only slight. Black discoloration of the 
cream was only observed after a similar period in cans in which 
the steel was deliberately exposed. 

The Action of Sea-Water on Certain Stainless Steels. S. P. 
Hedley and C. F. McLean. (Journal of the Association of Certi- 
ficated (South African) Mechanical and Electrical Engineers, 1936, 
vol. 9, June, pp. 224-233). Strips were exposed to the action of the 
sea for a period of 254 days, and an examination showed that none 
of them had been attacked by sea-water, although the strips were 
attacked by barnacles, which attached themselves to the metal, in 
some cases leaving an imprint. In one or two cases the corrosion 
under the barnacles was especially severe. It is shown that barnacles 
will attach themselves to at least eight different kinds of stainless 
steels and to every kind of finish. Not only do they attach them- 
selves, but, in some cases they make quite an impression on the 
steel, and in one instance a hole was made right through a 24-gauge 
descaled piece. It seems necessary, therefore, to be cautious in the 
application of stainless steel to the hulls of ships. The shellfish must 
have at their disposal a very active corroding medium when the 
severe treatment from the sea and air is remembered, which the 
metal strips survive unattacked. Experiments indicate that the 
attacking agent of the barnacles could have been sulphuric acid. 

Soil-Corrosion Studies, 1934. Rates of Loss of Weight and 
Penetration of Non-Ferrous Materials. K. H. Logan. (Journal 
of Research of the National Bureau of Standards, 1936, vol. 17, 
Nov., pp. 781-804). The author summarises the effects of a large 
variety of soils on many non-ferrous metals and alloys. Data on the 
corrosion of iron subjected to the same conditions are also given. 

Increase the Corrosion-Fatigue Strength of Steel in Sea-Water by 
Surface Pressing, Nitriding, Case-Hardening and Electrodeposition 
of Zinc. A. Junger. (Mitteilungen aus den Forschungsanstalten 
des Gutehoffnungshiittekonzerns, 1937, vol. 5, Jan., pp. 1-12). The 
author presents the results of his experiments on the tmprovement of 
the corrosion-fatigue strength of steel under the influence of sea-water 
by treatment of the surface. The tests were based on 100-200 million 
load reversals and lasted up to about 40 days. The sea-water cor- 
rosion-fatigue strength of the carbon steels and low-alloy structural 
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steels tested was about 5-8 kg. persq.mm. Of the protective coat- 
ings used, parkerising, atramentising and metallising raised the 
corrosion-fatigue strength to about 10 kg. per sq. mm.; at higher 
stresses these coatings cracked. and corrosion-fatigue failure occurred 
rapidly. Galvanising and lead-coating decreased the corrosion 
considerably but were without noticeable effect on the corrosion- 
fatigue strength. The application of pressure to the surface of the 
test-piece before testing increased the corrosion-fatigue strength 
markedly in short-time tests ; the protective action of the compressive 
self-stresses is of limited duration, however, because, owing to the 
heavy corrosion with the lapse of time, the compressive stresses in 
the surface zone diminish, so that after a large number of stress 
reversals the corrosion-fatigue strength of a pressed surface is no 
higher than that of an unpressed one. The same applies to case- 
hardened carbon and chromium-nickel steels, which hardly differ 
at all; here, also, the original compressive self-stresses set up by the 
case-hardening disappear under prolonged corrosion. Only nitriding 
and electrodeposition of zinc produced any important increase 
in the corrosion-fatigue strength under sea-water attack. With 
nitrided specimens of two Krupp nitriding steels bending fatigue 
strengths of 40-45 kg. per sq. mm. were obtained; owing to passivi- 
fication of the surface by nitriding, no rusting occurred. The electro- 
deposited zinc likewise hindered the corrosion, and the corrosion- 
fatigue strength was raised from 6 kg. to at least 30 kg. per sq. mm. 
The tests show that it is much more difficult to improve the corrosion- 
fatigue strength under salt-water than under fresh-water conditions 
of corrosion; nevertheless, methods are indicated which are applic- 
able in many cases to machine construction, and some of these have 
given satisfactory results in service. 

The Caustic Embrittlement of Boiler Plates. EK. Rath. (Chaleur 
et Industrie, 1936, vol. 17, Oct., pp. 383-393; Nov., pp. 437-440). 
The author presents a general review of the problem of the caustic 
embrittlement of boiler plate, based largely on the work of a number 
of other investigators. The paper is divided into two main parts; 
in the first the author discusses the causes and the mechanism of 
caustic embrittlement, and in the second he deals with methods of 
protection. 

The Destruction of Metals by Cavitation. H. N. Botcher. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Dec. 12, 
pp. 1499-1503). The author discusses the cause of the destruction 
of metals under the action of cavitation. Test results have given 
support for the assumption that the erosion is due to mechanical 
(not chemical) attack. The erosion observed even in very resistant 
materials suggests that the maximum pressure set up during 
cavitation must exceed the fatigue strength of all metals and alloys 
tested and the yield point of most of them. The author covers both 
steels and non-ferrous alloys in his discussion. 
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Co-operative Study of Methods for the Determination of Oxygen 
in Steel. J. G. Thompson, H. C. Vacher, and H. A. Bright. 
(American Institute of Mining and Metallurgical Engineers, 1936, 
Technical Publication No. 758; Metals Technology, 1936, vol. 
3, Dec.). In order to determine the accuracy and limits of usefulness 
of the various methods for the determination of oxygen in steel, 
identical specimens of steel were submitted to a number of labor- 
atories, both in America and elsewhere, for analysis by different 
methods, and the results were collated. The steel specimens consisted 
of seven plain carbon steels and one open-hearth iron, and were 
selected from commercially available steels representing different 
melting and deoxidation practices to insure in the steels the presence 
of different combinations and amounts of oxygen. The various 
laboratories which co-operated and the methods of analysis employed 
are tabulated. The conclusions derived from a detailed consider- 
ation of the data may be summarised as follows : The vacuum-fusion 
method yielded accurate results for all eight steel specimens. It is 
believed by the authors of this report that the best results obtained 
by this method are in close approximation to the true oxygen 
contents of each of the steels. Recommendations are made in 
regard to the procedure and apparatus to be employed in order to 
obtain the best results. Silica and alumina, as they occur in the steel 
specimens, are completely reduced in the vacuum-fusion method ; 
the error resulting from the interference of manganese, at least up to 
1% of manganese, is not so serious with the recommended form of 
apparatus as it was formerly considered to be. The chief cause 
of erratic results appears to be the spattering of the sample during 
melting or shortly thereafter. A convenient and reliable means of 
avoiding this source of error is not yet available. The aqueouss 
iodine method yielded accurate results for aluminium-killed steel- 
and for some silicon-killed steels, but for others, especially steels 
of the rimming type, low results were obtained. The data obtained 
for some of the steels and to a lesser extent for the open-hearth 
iron show clearly that the aqueous-iodine method cannot be relied 
upon for determining the total oxygen content of all steels. Part 
of the discrepancy may be due to the fact that some of the oxygen is 
present in the form of dissolved or entrained gases that are not 
recoverable by residue methods. None of the gther methods 
examined is represented by sufficiently concordant data to justify 
the drawing of definite conclusions. The hydrogen-reduction 
method yields results of the same order of magnitude as those 
of the vacuum-fusion method, but further work to standardise 
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the procedure of the hydrogen-reduction method is necessary. 
Likewise, the results of other residue methods are of the same order 
of magnitude as those obtained by the aqueous-iodine method 
and are more accurate for the determination of Al,O, and SiO, than 
for FeO and MnO. 

Contribution on the Colorimetric Estimation of Titanium and Van- 
adium in Steel and Iron. H. Pinsl. (Angewandte Chemie, 1937, 
vol. 50, Jan. 30, pp. 115-120). The author describes a rapid and 
accurate colorimetric method for estimating titanium and vanadium 
in steel and iron. Nitric acid is used as the solvent, and the colour 
produced by the reaction of salts of titanium and vanadium with 
hydrogen peroxide is the basis of the quantitative determination. 
Several advantages are claimed for the method. By using various 
spectral filters the colorimetric estimation of both titanium and 
vanadium can be carried out in the one solution; the special stand- 
ardising charts required in this connection are reproduced. 

Rapid Methods of Chemical Analysis in the Steelworks. G. 
Delbart and J. Lieutaud. (Métaux, 1936, vol. 11, Nov., pp. 211- 
216). After discussing the drawing of samples from the steel 
bath, the authors describe a rapid combustion method and the 
magnetic method for estimating carbon. 

Contribution on Applied Spectroscopy in Metal-Working Industries. 
G. Heidhausen. (Metallwirtschaft, 1937, vol. 16, Jan. 8, pp. 37- 
45). The author describes practical experience of quantitative 
spectrum analysis, with particular reference to the estimation 
of silicon in grey cast iron. In the latter connection he compares 
the limits of experimental error in the spectroscopic method with 
those in the ordinary chemical method used in works control. 
A number of practical hints are given. 

Practical Possibilities in Spectrographic Analysis. G.R. Harrison. 
(Metals and Alloys, 1936, vol. 7, Nov., pp. 290-296). The author 
discusses the technique of spectrographic analysis and indicates 
developments which can be expected in the use of this method for 
the quantitative analysis of metals. 

Laboratory Recommendations of the Coke-Oven Research Com- 
mittee. IV. (Gliickauf, 1937, vol. 73, Jan. 9, pp. 43-44). A 
short description is given of this German Research Committee’s 
recommended procedure for estimating phosphorus in coal and coke. 
(See Journ. I. and 8.1., 1934, No. II., p. 730.) 

Laboratory Recommendations of the Coke-Oven Research 
Committee. V. (Gliickauf, 1937, vol. 73, Jan. 23, pp. 90-92). 
Recommended practice for the estimation of the benzoyl content 
of coke-oven gas, suggested by this German Research Committee, 
is described. ‘Two methods are given; in one use is made of activ- 
ated charcoal, and in the other a freezing process is employed. 
(See Journ. I. and §.I., 1934, No. II., p. 730.) 
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BRENNECKE, E., K. Fasans, N. H. Furman, R. Lane und H. 


Stamm. ‘ Neuere massanalytische methoden.’’ Mit einem 
Vorwort von W. Béttger. Zweite neubearbeitete und 
erweiterte Auflage. (Die chemische Analyse. xxxiii Band.) 
8vo. pp. xiii + 234. Illustrated. Stuttgart, 1937. Fer- 
dinand Enke Verlag. (Price 22 RM.) 


This volurne is number thirty-three in a series of publications, under 
the editorship of Dr. W. Béttger, dealing with various branches of 
chemical analysis. The book is divided into seven sections, contri- 
buted by various authors, each section dealing with one particular 
aspect of volumetric analysis. Tho first section is by Dr. E. Brennecke 
of Wiesbaden covering modern technique in the titration of acids and 
alkalis, with an account of the behaviour and selection of suitable 
indicators. Mention is made of the recent fluorescent and flocculating 
indicators. Part two is by Dr. N. H. Furman of Princeton University 
on the use of ceric sulphate as an oxidising agent. The preparation of 
the working solution from various cerium compounds is described and 
this is followed by instructions for the standardisation and use of the 
reagent, reference being made to the keeping properties of the solution 
and the most suitable indicators. Section three, by H. Stamm of 
Halle, describes the use of alkaline permanganate as an oxidising agent. 
The extension in the use of permanganate made possible by its employ- 
ment under alkaline conditions is described and full details are given 
of the preparation and use of the reagent and of the precautions to be 
taken during titration. The next section covers the use of iodate 
and bromate solutions for oxidising reactions and is written by Dr. R. 
Lang. The analytical methods devised by Andrews and the author 
using iodate solutions are given in detail, and the applications of both 
processes are fully deait with. A final short account is given of 
Manchot’s use of bromine as a volumetric reagent. Section five is by 
Dr. E. Brennecke and deals with the use of chromous salts as reducing 
agents. Following the system adopted throughout the book the 
general properties and behaviour of the reagent are described with 
notes on the titration technique and the preparation and standardisation 
of the solutions. The same author writes the next. section on the 
application and use of some of the modern indicators for oxidising and 
reducing reactions and the final chapter is contributed by Dr. K. 
Fajans of Ann Arbor who describes the use of adsorption indicators 
where titration results in a precipitate being formed. In all the 
sections, after the general aspects of the subjects have been covered, 
numerous practical applications of the methods described are given, 
these covering organic, metallurgical, and inorganic,estimations, and 
references to the appropriate literature are copious throughout the 
book. For a work of such magnitude and interest, paper covers are 
inadequate, and the extra expense of the properly bound edition would 
be thoroughly justified. 

STEPHEN L. RoBERTON. 
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HANEMANN, H., and ANGELICA ScHRADER. ~Allas Metallo- 


graphicus.”’ Eine Lichtbildsammlung fiir die technische 
Metallographie. La. S8vo. Band II. Lieferung 1. (Tafel 
1-8). Lieferung 2. (Tafel 9-16). Lieferung 3. (Tafel 17- 
24). Lieferung 4. (Tafel 25-32). Berlin, 1936: Verlag von 
Gebriider Borntraeger. (Price 30 RM. Band II. Lieferung 
1-4. 


These recent additions to the already well-known “‘ Atlas Metallo- 
graphicus ”’ are the first of a new volume dealing with the structures 
observed in cast iron. The volume will be completed in two sections, 
on grey and chill cast iron respectively, the four parts under review 
all dealing with the former. In the introductory section of Part 1 
are considered the various ternary and more complex systems that 
determine the metallographic features of grey cast iron, such as 
Fe-C-Si, Fe—C—P, and Fe—-Mn-FeS—MnS. Then follows a detailed 
account of the constitution and physical characteristics of the con- 
stituents observed in the cast iron microstructure in so far as these 
have not been dealt with already in the previous volume on steel. 
The photographs, which number 229 in the four parts, clearly illustrate 
all the features mentioned in the text. The system adopted is to 
describe and illustrate each structural constituent separately, following 
with a series of photographs to show the modifications produced by 
changes of composition or in the rate of solidification. Thus the first 
part deals pictorially with the characteristic forms of graphite, and the 
second part completes this study and continues in the same way for 
manganese sulphide, titanium nitride and carbide, and the ternary 
phosphorus eutectic. The third part introduces macro-structural 
considerations, and concludes with descriptions of the structures 
resulting from reactions in the solid state such as the formation of 
secondary graphite during cooling and the production of ferrite by 
annealing. The fourth part illustrates the structures obtained with 
some standard German cast irons and with high-quality alloy cast 
irons. The four parts cover the limited field of their subject in a most 
detailed manner, and the photographic reproductions are of the very 
highest standard. 

STEPHEN L. ROBERTON. 


Honpa, K6érar6. “ Anniversary Volume Dedicated to Professor 


Ké6étaré Honda on the Completion of Twenty-Five Years of His 
Professorship.” La. 8vo, pp. 1126, illustrated. Sendai, 1936. 


Professor K6étaré6 Honda, the eminent Japanese metallurgist, 
recently celebrated the twenty-fifth anniversary of his professorship, 
and in commemoration the present volume has been compiled at the 
desire of his many friends and pupils. The volume contains nearly 
100 contributions by leading scientists in Europe, America and Japan, 
many of which are of interest to the ferrous metallurgist. 


Lea, F.C. “ Hardness of Metals.” 8vo, pp. vii+ 141, illustrated. 


London, 1936: Charles Griffin & Co., Ltd. 


The principal objects of this book have been to establish, from the 
results of a long series of tests, the relationships between hardnesses 
as determined by various methods, and to endeavour by means of 
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curves and a chart, to make it possible within certain limits of accuracy 
to obtain readily the corresponding hardness numbers as determined 
by the various methods. The contents are as follows: Indentation 
Tests—Static; The Herbert Pendulum Hardness; The Scleroscope 
Hardness Tester; Hardness of Metals at Elevated Temperatures; 
Dynamic Hardness; Elastic Recovery of Indentations; Hardness and 
Other Properties; Distribution of Diamond Pyramid Hardness in 
Hot-Drawn Rod and Cold-Drawn Wires; Hardness and Embrittle- 
ment of Steels; Hardness and Fracture; Specifications of Hardness, Am 
and Accuracy to be Expected in Measuring Hardness; Hardness of : 
Rocks and Like Substances; General Comparison of Results from 
Various Machines and Indentors of Varying Forms. 


AM 
Scuwartz, H. A. “ Shrinkage.’’ 8vo, pp. 32, illustrated. Cleve- 
land, Ohio, and London, 1936. The Penton Publishing Co. 
(Price 5s.). 
ATI 


When a metal is poured into a mould and allowed to solidify it is 
commonly observed that (1) the casting is smaller than the pattern, 
(2) the metal contains a cavity, and (3) it is in a condition of internal 
stress. These features of a cast metal arise from the fact that its 
volume diminishes during cooling to the freezing temperature, during 
solidification, and during subsequent cooling. They are influenced BE: 
by the distribution of heat in the metal at different stages and by 
several other factors; and this brochure is devoted to an analysis of 
the effects of various sets of conditions on the above features of 
castings. Each of the nine chapters deals with certain related problems 
and describes the mathematical methods by which they may be solved. 
The first problem is concerned with the distribution of heat in a hot 
sphere at different times after its surface has been cooled instan- BE 
taneously by a given amount and afterwards maintained at that tem- 
perature. The second problem is similar, but the sphere, which is 
initially at a uniform temperature, is supposed to be enclosed in an 
infinitely large body of the same material at a certain lower temperature. 
The third problem deals with the temperature attained by the surface 
of a hot mass immediately after being buried in sand. Problems 4 to 7 
are considered in the second chapter and relate to spheres cooling in 
sand and to the changes in diameter during cooling from the freezing 
point to atmospheric temperature. Problems 8 and 9 constitute the 
next chapter and are concerned with the volume of voids formed as a 
result of the change in volume during solidification. Following this, 
attention is given to calculations of (1) the period of time for which 
the temperature remains at the freezing point under specified con- 
ditions, (2) the conditions under which the feeder head freezes after the Bre 
casting, and (3) the relative heights and diameters of castings and 
feeders required to obviate the formation of voids below the level of 
the feeder. Chapter 7 deals with the calculation of the depth of pipe Cat 
in ingots, and Chapters 8 and 9 with the time taken to cool from one 
temperature to another under specified conditions. 

J. M. Roxsertson. 
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Sintering Plant at Staveley’s Devonshire Works. (Metallurgia, 
1936, vol. 15, Dec., p. 54). Brief particulars are given of the 
Dwight-Lloyd sintering plant in operation at the Devonshire Works 
of the Staveley Coal and Iron Co., Ltd. The total sintering area of 
the machine installed is 430 sq. ft. and the capacity is 700 tons per 
24 hr. 

Treatment of Blast-Furnace Dust. (Iron and Coal Trades 
Review, 1936, vol. 134, Jan. 15, p. 138). Particulars are given of 
the plant at the Mont St. Martin works of the Société des Aciéries de 
Longwy for the treatment of flue dust by the Saint Jacques process. 

Sintering Plant Improves Blast-Furnace Practice in South. M. F’. 
Morgan. (Steel, 1937, vol. 100, Feb. 8, pp. 60-61). The construc- 
tional arrangement is shown of the Dwight-Lloyd sintering plant 
put into operation at the Birmingham (U.8.A.) plant of the Republic 
Steel Corp. for the sintering of fines and blast-furnace flue dust. 

Preliminary Investigation on the Distribution of Elements in Some 
Swedish Iron Ores. S. Landergren. (Jernkontorets Annaler, 1936, 
vol. 120, pp. 711-737). The author describes a preliminary investi- 
gation on the distribution of associated elements in some Swedish 
iron ores which were carried out by means of X-ray spectrum analysis. 
The following principal results were obtained: A connection 
between the genesis of the ores and the relative concentration of 
related elements was demonstrated for two groups of metals, viz. 
the iron group (titanium, vanadium, chromium, manganese, iron, 
cobalt, nickel), especially cobalt and nickel, and for the rare-earth 
metals. Thus the value of the ratio cobalt : nickel is considerably 
lower than unity in ores formed during an early magmatic stage, but 
increases in ores formed during a later stage of the magmatic 
evolution, and may reach a value > unity. In sedimentary ores the 
value of the ratio is very much lower than unity. The relative 
distribution of rare-earth metals in the ores studied is given. In 
ores formed during an early stage of magmatic evolution the dis- 
tribution is very similar to that found by Noddack in meteorites. 
On the other hand, ores formed during a later stage have a 
relatively higher concentration of elements with a more pronounced 
basicity. In sediments the distribution according to basicity appears 
to have become completed. It was further shown that iron ores 
connected in some way with granite intrusions have a relatively 
high concentration of elements representative of granites and their 
pegmatities, e.g., zirconium, molybdenum and tin. 

A Study of the Flotative Properties of Hematite. W. E. Keck, 
G. C. Eggleston and H. W. Lowry. (American Institute of Mining 
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and Metallurgical Engineers, 1937, Technical Publication No. 763 ; 
Mining Technology, 1937, vol. 1, Jan., No. 1). The authors present 
the results of a study of the flotative properties of massive and 
specular hematite. Both massive and specular hematite were 
readily flotatable with the following fatty acid soaps: sodium oleate, 
ammonium palmolate, potassium myristate, ammonium linoleate 
and ammonium laurate. Among these soaps, sodium oleate was 
the strongest collector. Massive hematite was also flotated with 
trihydroxyethylamine stearate, trihydroxyethylamine linoleate, 
diglycol stearate, Turkey Red oil and sodium oleyl sulphate, but 
these miscellaneous collectors were not as potent as the fatty acid 
soaps. Specular hematite was slightly more flotatable than massive 
hematite. Comparison of the flotation of solid hematite with that 
of spongy hematite indicated that the former was somewhat more 
flotatable in the fine sizes and the latter more flotatable in the coarse 
sizes. When specular hematite was flotated with the saturated 
fatty acids, flotation was first increased and then depressed with 
an increasing number of carbon atoms. The use of increasing 
quantities of sodium hydroxide or carbonate with oleic acid first 
slightly activated and then markedly depressed the flotation of 
massive hematite. Sodium oleate that was formed within the 
flotation system flotated somewhat more massive hematite than did 
the sodium oleate that was added to the system as such. Small 
quantities of cresylic acid, terpineol or n-heptyl alcohol greatly 
increased flotation with sodium oleate. Terpineol and n-heptyl 
alcohol were considerably better frothers than was cresylic acid. 
Massive hematite was most flotatable at — 200 + 325-mesh, some- 
what less flotatable at — 325-mesh, and practically unflotatable at 
— 35 + 48-mesh. Sodium metaphosphate activated flotation with 
the coarse sizes of massive hematite and depressed it with the fine 
sizes. The flotation of massive hematite was strongly depressed 
with sodium carbonate and lime. Increasing quantities of sodium 
hydroxide or sulphuric acid first activated flotation slightly and 
finally completely depressed it. Hydrous calcium sulphate de- 
pressed hematite when its flotation was attempted with sodium 
oleate. Sodium meta and hexameta-phosphates strongly activated 
the flotation of massive hematite, and sodium orthophosphate and 
orthophosphoric acid depressed it. Sodium hexametaphosphate 
activated flotation when used with unsaturated fatty acids or soaps 
and had little effect or depressed flotation when used with saturated 
collectors. Tannic acid, gelatin and sodium silicate were potent 
depressors for massive hematite. On the other hand, gum arabic 
and soluble starch slightly activated flotation of the mineral. 
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Recent Developments in Refractories. ©. EK. Moore. (Proceed- 
ings of the Staffordshire Iron and Steel Institute, 1935-1936, vol. 
51, pp. 74-90). A review of developments in the production of 
firebricks and other special refractory materials. 

Properties and Uses of Mullite Refractories. M. L. Freed. 
(Industrial Heating, 1937, vol. 4, Jan., pp. 57-62). The author 
discusses the properties and applications of high-grade refractory 
materials with special reference to mullite refractories. 

Notes on the Action of Slags on Refractories, and Some Methods of 
Testing. A. KE. Dodd. (Transactions of the Ceramic Society, 1937, 
vol. 36, Feb., pp. 63-73). An example of the use of equilibrium 
diagrams in predicting the extent of slag attack and the limitations 
of the method are set out in detail. The effects of certain physical 
properties of refractories on their slag resistance are also dealt with, 
and criticisms are offered of certain laboratory methods of evaluating 
slag attack. 

Aluminous Cement as a Bond for Refractory Concretes. A. V. 
Hussey. (Chemistry and Industry, 1937, vol. 56, Jan. 16, pp. 53- 
61). The author discusses the use of aluminous cements for the 
production of refractory concretes. Aluminous cement has been 
successfully employed for the production of refractory concretes 
and mortars by utilising crushed firebrick or grog as an aggregate. 
The chemical characteristics of this cement on setting and hardening 
confer valuable properties on such mixtures, the nature of which 
permits of numerous applications which have hitherto not appeared 
to be practicable. The methods of making concrete of this type are 
described. The material can be used for the foundations of furnace 
structures, for the lining of flues, and the construction of arches and 
side walls of furnaces. It can also be used for reheating furnaces, 
cupola linings, coke-oven doors, &c. It has no appreciable drying 
shrinkage or after contraction, and it may be subjected to wide 
and sudden fluctuations of temperature without spalling. 

Some Observations Regarding Refractories for Iron Blast-Furnaces. 
R. A. Lindgren (American Institute of Mining and Metallurgical 
Engineers, 1937, Technical Publication No. 752; Mining Technology, 
1937, vol. 1, Jan., No. 1). The author presents the results of 
a study of the disintegration of blast-furnace linings. It is con- 
cluded that neither the percentage of total iron nor the percentage 
of iron oxide indicates whether or not a brick will disintegrate. 
According to Furnas, if the iron oxide in the brick is in the form of 
Fe,0,, carbon deposition will not occur, whereas if it is present 
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as Fe,0,, the decomposition of carbon monoxide and the deposition 
of carbon are positively catalysed. 

Bottoms with Dolomite Tuyeres for Basic Bessemer Converters. 
J. Welter. (Stahl und Eisen, 1937, vol. 57, Feb. 25, pp. 202-205). 
Contribution on the Making of Dolomite Bottoms for Basic Bessemer 
Converters. J. Welter. (Revue Technique Luxembourgeoise, 1937, 
vol. 29, Jan.—Feb., pp. 1-7). In view of the fact that the bottoms 
of basic Bessemer converters wear much more rapidly than the 
lining of the sides, numerous attempts have been made to improve 
their lives, and the author reviews briefly a number of these 
improvements, such as the lining of the perforations in the bottom 
with thin steel tubes, reinforcement of the bottom, jolting the 
bottom instead of ramming it, and magnesite tuyeres set in rammed 
dolomite. The author also touches on modifications to the number, 
distribution, diameter or inclination of the blast inlets that have been 
proposed with a view to improving the blowing of converters and 
reducing the amount of material ejected. He next describes the 
construction and use of a press for making dolomite tuyeres, each 
tuyere having four blast inlets, and the making of converter 
bottoms with such tuyeres set in them, and discusses the lives of 
such bottoms. Finally he refers to their cost, and to their 
advantages. 

Rammed Refractory Materials. M. Mugnerot. (Syndicat des 
Fabricants de Produits Refractaires de France: Foundry Trade 
Journal, 1937, vol. 56, Jan. 14, pp. 21-23). The author discusses 
the advantages and applications of rammed linings for various 
types of foundry furnaces. 

Bricks of Artificial Agglomerated Mullite for Regenerator Packing. 
P. Bergeron. (Journal of the Society of Glass Technology, 1936, 
vol. 20, Dec., pp. 586-594). A study was made of the principal 
features of bricks of artificial mullite, produced in an electric furnace, 
reduced to grog and agglomerated by a ceramic process. The 
results are given of industrial experiments which emphasise the 
resistance of these bricks to the corrosion caused by vitrifiable 
substances blown over into the regenerator chambers. 

Heat Insulation : Selection of Suitable Materials for Various 
Purposes. J. S. F. Gard. (Institute of Fuel, Feb. 10, 1937: 
Foundry Trade Journal, 1937, vol. 56, Feb. 18, pp. 151-152: Iron 
and Coal Trades Review, 1937, vol. 134, Feb. 12, pp. 229-300). 
The author discusses the insulation of high-temperature furnaces 
and the selection of suitable insulating materials. 
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The Energy-Producing Power of Fuels. J. Danze. (Revue 
Universelle des Mines, 1937, vol. 13, Jan., pp. 3-17). Heat engines 
transform the potential chemical energy of fuels into mechanical 
energy. Generally the efficiency of these machines is expressed 
by the ratio of the work done to the calorific power of the fuel 
consumed ; this is hardly justifiable from the thermodynamic point 
of view, because two different types of energy are compared. The 
concept of the maximum work of a monothermal transformation, 
introduced by Gouy, has furnished a logical term of comparison, 
but its determination requires knowledge of the absolute entropies 
both of the fuel/air mixtures and of the products of combustion. 
For long the impossibility of determining the absolute entropies 
has prevented the practical use of the idea of maximum work for 
calculating the efficiency of heat engines, but now several methods 
are available for evaluating the absolute entropies which give 
very concordant results. After summarising the principles of these 
methods, the author determines the maximum work or energy- 
producing power for some of the more common simple fuels, and 
then calculates the true efficiency of a boiler and of an internal- 
combustion engine. 

Some Factors Affecting Combustion in Fuel Beds. M. A. Mayers. 
(American Institute of Mining and Metallurgical Engineers, 1936, 
Technical Publication No. 771). Temperature distributions in 
under-fed fuel beds burning a non-coking fuel are discussed. The 
effects of changes in the rate of air flow, in the fuel size, and in the 
ignition temperature of the fuel on the rate of ignition and on the 
position and magnitude of the maximum temperature in the fuel 
bed are shown graphically. 

The Planning of Industrial Power Stations with Delivery of 
Working Steam. H. Schult. (Stahl und Eisen, 1937, vol. 57, 
Feb. 4, pp. 109-113). In the investigation of the economic working 
pressure of industrial power stations it was found that very high 
pressure with purely condensing plants gave only very modest heat 
savings as compared with medium-pressure plants, and that it was 
questionable whether it offered any economic advantages on the 
whole. These conditions change entirely when working steam is 
supplied simultaneously The greater the demand for working steam 
and the greater the output in pure back-pressure operation, the 
greater becomes the superiority of high-pressure operation. Further, 
the duplex system (for instance, a mercury boiler and turbine 
combined with a steam turbine, the steam for the latter being 
generated in the mercury condenser) promises such advantages in 
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back-pressure operation that this possibility must in due course 
be considered. In the preparation of the feed-water, distillation 
is preferred, so long as it is economically feasible. Where the 
output is sub-divided, a small number of large units is the best 
solution for medium industrial power stations, and the first costs 
are lowest. These considerations are, naturally, to be considered 
solely as basic suggestions, and they can only be applied correctly 
when the special requirements of a particular case and the local 
conditions are known in detail. 

Steel Plant Power Characteristics. (Iron and Steel Engineer, 
1937, vol. 14, Jan., pp. 45-48). Particulars are given of the electric 
power consumption of coking plants, blast-furnace plants, steel- 
works and rolling mill plants. 

The Velox Steam Generator. ©. Seippel. (Revue Technique 
Luxembourgeoise, 1936, vol. 28, Nov.—Dec., pp. 109-116). The 
author discusses the present state of development of the Velox steam 
generator and its application in iron and steel works. Mention 
is made of the combination of the generator with a blast-furnace ; 
the generator is fired with blast-furnace gas, while the hot waste 
gases issuing from it serve to preheat the blast for the blast-furnace. 

Automatic Control in Open-Hearth Furnaces. A. F. Spitzglass. 
(Iron and Steel Engineer, 1937, vol. 14, Feb., pp. 29-42). The 
author discusses some of the main problems of production and 
fuel economy in open-hearth furnaces, and deals with means for 
the automatic control of furnace pressure and combustion. 

The Measurement of Velocities in a Fluid Stream by Means of 
Pitot Tubes and Similar Apparatus. A. Schlag. (Revue Universelle 
des Mines, 1937, vol. 13, Jan., pp. 19-23). The introduction of a 
velocity-measuring device, such as a Pitot tube, into a fluid in move- 
ment modifies the system of pressures and velocities, and the true 
values of the latter cannot be deduced from the readings without 
taking special precautions. For two types of apparatus, the 
Prandtl tube and the spherical probe, the author shows how it is 
possible to take account theoretically of the disturbances created 
by the introduction of the appliance into the stream, and indicates 
how far practical experience verifies these theoretical conclusions. 

The Technique of the Furnace Atmosphere. G. Neumann. 
(Archiv fiir das Eisenhiittenwesen, 1937, vol. 10, Jan., pp. 285- 
296). The problem of the production of an atmosphere in a heat- 
treatment furnace suitable for the material to be heated is increasing 
in importance, partly because of the greater requirements demanded 
of the materials and partly as a result of the introduction of new 
materials and processes. The solution may be sought in two ways, 
either by adjusting the combustion conditions or by “adding gases 
which will have a protective effect. The author discusses in detail 
the possibilities of producing a suitable combustion-gas atmosphere 
in directly-heated furnace hearths, the conditions for the production 
of a suitable atmosphere in muffle and electric furnaces without the 
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introduction of a protective gas, and processes (some in practical 
use, some in the development stage) for generating, outside the 
furnace, and introducing protective gases of desired composition 
into the hearth. 

Special Atmospheres for Industrial Furnaces. W. A. Darrah. 
(Industrial Heating, 1937, vol. 4, Jan., pp. 26-30, 38). The author 
discusses the materials available for the production of furnace 
atmospheres and the principles of their utilisation. 

Analyses of New Mexico Coals. (United States Bureau of Mines, 
1936, Technical Paper No. 569). Information is given on the 
composition and quality of the coals of New Mexico. Particulars 
are also included of the coalfields and methods of mining and prepara- 
tion of the coal. 

The Birtley Coal Picking Plant. (Engineer, 1937, vol. 163, Jan. 
1, pp. 22-23). An illustrated account is given of the Birtley 
electric coal-picking plant which is designed to handle coal in sizes 
ranging approximately from 2 in. to 8 in. in dia. 

Notes on the Operation of a Rheolaveur Coal-Washing Plant. 
R. G. Evans. (Journal of the Institute of Fuel, 1937, vol. 10, 
Feb., pp. 189-199). The author presents some operating results 
of the Rheolaveur coal-washing plant at the Llay Main Collieries,, 
Ltd., Wrexham. 

The Accuracy of Washing Curves. EK. Bliimel. (Gliickauf, 1937, 
vol. 73, Jan. 23, pp. 77-88; Jan. 30, pp. 110-114). The author 
first discusses, by means of examples, the magnitude of the errors 
introduced in drawing a smooth curve in the basic washing curve 
for coals from the graphic representation of the data for the 
individual fractions. A further example shows the influence of the 
size of the fractions on the evaluation of the float-and-sink test, and 
the conclusions to be drawn with regard to the carrying out of this 
test are considered. 

Coal: Its Use in Powdered and Aspirated Form. G. E. K. 
Blythe. (Colliery Engineering, 1937, vol. 14, Jan., pp. 26-29). 
The author deals with the selection of coals for pulverising and the 
utilisation of aspirated fines from coal-cleaning plants for steam- 
raising purposes. Operating results obtained at a German plant 
are presented. 

Coking in 1936. (Coal Carbonisation, Supplement to Colliery 
Engineering, 1937, vol. 3, Jan., pp. 5-13). A review of develop- 
ments in the design and construction of coke-ovens and auxiliary 
equipment. 

Carbonising Properties and Petrographic Composition of Clint- 
wood Bed Coal from Buchanan Mines Nos. 1 and 2, Buchanan 
County, Va. A.C. Fieldner, J. D. Davis, R. Thiessen, W. A. Selvig, 
D. A. Reynolds, F. W. Jung and G. C. Sprunk. (United States 
Bureau of Mines, 1936, Technical Paper No. 570). The report 
gives the yield and quality of products obtained from Clintwood 
coal at carbonising temperatures of from 500° to 1000°C. The results 
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of chemical, physical and petrographic studies of the coal are also 
iven. 

: Carbonising Properties and Petrographic Composition of Pitts- 
burgh Bed Coal from Pittsburgh Terminal No. 9 Mine, Washington 
County, Pa. A.C. Fieldner, J. D. Davis, R. Thiessen, W. A. Selvig, 
D. A. Reynolds, G. C. Sprunk and F. W. Jung. (United States 
Bureau of Mines, 1936, Technical Paper No. 571). The results of 
chemical, physical and petrographic studies of this Pittsburgh coal 
are given, together with results of carbonising tests. 

The Assessment of the Carbonising Properties of Coal. G. A. 

Dummett. (Coke Oven Managers’ Association: Colliery Guardian, 
1937, vol. 154, Jan. 8, pp. 62-65; Jan. 15, pp. 111-114). The 
author has examined the by-product yields of certain South York- 
shire coals, and the effects of such factors as blending, natural size, 
oxidation, degree of crushing and moisture content on the coking 
properties. The Gray-King high-temperature assay with modified 
furnace temperatures may be used to give an adequate measure 
of the coke, tar and gas yields of coals and their blends, under 
conditions obtaining in a modern coke-oven plant. The estimation 
of ammonia is unreliable and of benzole impracticable. 
. . Oxidation of Coal at Storage Temperatures : Effect on Carbon-. 
ising Properties. L. D. Schmidt, J. L. Elder and J. D. Davis. 
(American Chemical Society : Fuel in Science and Practice, 1937, 
vol. 16, Feb., pp. 39-48). The authors describe work carried out 
in order to develop a method for evaluating the changes in the 
properties of coking coals due to oxidation. 

Considerations on the Effects of Dilatation in a Battery of Coke- 
Ovens. E. Noaillon. (Revue Universelle des Mines, 1937, vol. 
13, Jan., pp. 17-19). The author deals with the prevention of 
damage to the masonry of coke-ovens caused by differences in the 
thermal expansions of the upper and the lower parts of the structure. 
He calculates the frictional forces developed along the interface 
between these two parts, and shows his special design of the lower 
walls, which yield sufficiently to counteract the effect of the differ- 
ences of thermal expansion. 

Low Temperature Carbonisation at New Brancepath. (Coal 
Carbonisation, Supplement to Colliery Engineering, 1937, vol. 3, 
Feb., pp. 21-25). At the New Brancepeth Colliery, three different 
types of low-temperature coke-oven are in operation. These are 
the Kemp, the Lecocq and the Cellan-Jones ovens for the low 
temperature carbonisation of blended slacks. The constructional 
arrangement of the ovens is described and illustrated. 

Studies in Coke Formation—XIII. The Swelling Power of Coal. 
R. A. Mott and C. E. Spooner. (Fuel in Science and Practice, 
1937, vol. 16, Jan., pp. 4-14). A steel retort and plunger has been 
substituted for the silica ware previously used in the Sheffield 
Laboratory coking test and, with suitable precautions, has been 
found to give the same results. The relationship between the 
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swelling power of bright coal and its composition has been deter- 
mined by plotting the results for about 100 coals from various coal- 
fields in Great Britain. It has been shown that the hydrogen content 
has a marked effect on the swelling power, whilst the rank of a coal 
as defined by its carbon content is also important. An equation has 
been derived for the relationship between swelling power, carbon 
and hydrogen contents, whilst it has been shown that a simpler 
equation gives a useful approximation which enables the factors 
governing swelling to be defined. 

Coke-Oven Gas and the Synthesis of Ammonia. G. Claude. 
(Chimie et Industrie, 1937, vol. 37, Jan., pp. 3-16). The author 
reviews the history and present development of the use of coke-oven 
gas as a source of hydrogen and the method of causing this gas to 
combine with atmospheric nitrogen in the synthesis of ammonia. 

Ammonia on By-Product Coking Plants. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1937, vol. 3, Feb., pp. 28-30). 
Brief particulars are given of the processes by Parrish and the 
Institution of Gas Engineers for the production of ammonium 
bicarbonate. 

A New Electrostatic Precipitator. G. W. Penney. (Electrical 
Engineering, 1937, vol. 56, Jan., pp. 159-163). The theory of 
electrostatic precipitation is briefly reviewed, and particulars are 
given of a new type of precipitator. 

The Gas-Firing of Metallurgical Furnaces by Radiant Tubes. 
(Génie Civil, 1937, vol. 110, Jan. 30, pp. 112-114). The American 
system of firing reheating furnaces by means of radiant tubes is 
described. A gas-air mixture is burnt inside the tubes; the latter 
become hot, therefore, and radiate heat in the same way as the 
radiant elements in an electric resistance furnace. The tubes are 
of nickel-chromium alloy, and can withstand a temperature of 
1000° C. easily. The principle of the system is explained by 
reference to a sheet box-annealing furnace. 

Industrial Propane for Flame Cutting and General Foundry Use. 
F. H. Andrews and E. A. Jamison. (Transactions of the American 
Foundrymen’s Association, 1936, vol. 44, pp. 324-336). The 
authors discuss the application of propane to various foundry 
operations with reference to its use for the removal of gates and risers. 
The use of propane as a fuel in other processes, such as annealing, 
core baking and mould drying is also dealt with. 
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A Modern Balanced Plant. (Iron and Steel Industry, 1937, 
vol. 10, Jan., pp. 223-232). The blast-furnaces, open-hearth shop 
and rolling-mills of the Guest Keen Baldwins Iron and Steel Co., 
Ltd., at East Moors, Cardiff are described and illustrated. (See 


p. 116 4). 
A Year of Technical Progress. A. I. Webber. (Iron and Steel 
Industry, 1937, vol. 10, Jan., pp. 219-222). The author outlines 


the major technical developments in the iron and steel industry 
during the past year, and draws attention to the needs for a larger 
production of pig-iron and blast-furnace coke. 

Raw Coal in Blast Furnace. W.T. Allan. (American Institute 
of Mining and Metallurgical Engineers, 1937, Technical Publication 
No. 764: Metals Technology, 1937, vol. 4, Jan., No.1). The author 
gives a general description of blast-furnace practice at the Shotts 
Iron Works, Scotland, where bituminous-coal-fired furnaces are 
still in operation. The different conditions obtained in the coal- 
fired furnace as compared with the coke-fired furnace are con- 
sidered, and the superior qualities of the iron from the coal-fired 
furnace are attributed chiefly to the presence of tar and its effect 
upon the furnace reactions. Details are given of furnace design 
and construction, and the characteristics of suitable coals and the 
behaviour of different types of coals in the furnace are discussed. 
Particulars of Scottish ironstones, statistics of fuel consumption 
and production, and the chemical analyses of the coals and pig iron 
are given. 

Damping-Down and Restarting of Blast-Furnaces. Bongarcon. 
(Revue de l’Industrie Minérale, 1937, No. 387, Feb. 1, pp. 80-86). 
As a result of the recent depression, many blast-furnace managers 
have had to decide whether to drive their blast-furnaces con- 
tinuously but slowly, or to work them at full pressure but with 
periods of damping down; the latter system can further be sub- 
divided into (a) fairly long campaigns with stoppages of correspond- 
ing length, or (6) short campaigns with shorter but more frequent 
stops. The author considers that the last-mentioned method is the 
best, and gives numerous reasons, though this repeated damping- 
down and restarting demands that the furnace operator must be an 
expert. In restarting a furnace, there are two possible sources of 
trouble, (a) hanging of the charge, and (b) choking of the hearth. 
The likelihood of the charge hanging can be reduced considerably 
by careful attention to the condition of the materials charged 
before damping down and which remain in the furnace during the 
shut-down. The choking of the hearth is a more serious matter, 
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and the author discusses at some length the condition of the hearth 
during the period that the furnace is out of action; he then explains 
briefly the procedure for restarting after off-periods varying from 
three or four days up to more than two and a half months. The 
author next gives data concerning the starting-up of a single 
furnace as it was actually carried out after stoppages of various 
durations. Finally, he touches on the amount of extra gas used. 

The State of the Luxemburg Iron Industry and Economics 200 
Years Ago. H. van Ham. (Revue Technique Luxembourgeoise, 
1936, vol. 28, Nov.—Dec., pp. 117-119). The author gives an 
extract from a report submitted by the Imperial Field-Marshal 
Graf Seckendorf to the Austrian Lord Chancellor Sinzendorf, dated 
March 15, 1736, which now lies in the Haus-, Hof- und Staatsarchiv 
in Vienna. The matter of principal interest concerns the Luxem- 
burg iron industry of that day and the trade of the Grand-Duchy, 
on which subjects the Field-Marshal makes some not uninteresting 
comments. 

Development of Pig-Iron Production in the Siegerland and its 
Neighbouring Districts. H. Thaler. (Stahl und Eisen, 1937, vol. 
57, Feb. 4, pp. 114-119). After a brief account of the development 
of the old iron-smelting industry of the Siegerland and surrounding 
districts, and the changes which have taken place more recently, 
the author explains how it is that some of old works have succeeded 
in continuing in existence until to-day. The small units possess 
great flexibility in every direction, and their ability to meet the 
requirements of customers enabled them to remain active even in 
the days of depression in the iron industry. At the same time, 
technical advances and improvements have not been neglected, and 
on the metallurgical side the small works have also followed new 
paths with success. Pig irons with carbon contents of 2:2-2-6%, 
and therefore grey and fine-grained, and with nickel contents of 
3, 5 and 25% made in current operation, are unique products of the 
Siegerland. 

Cast Iron Already in the Year 300 B.c. (Metallwirtschaft, 1937, 
vol. 16, Jan. 22, pp. 90-92). Reference to MSS. by H. T. Chang, 
which have been translated into English by H. W. Chu, is made. 
The commencement of an Iron Age in China is put at about 722- 
481 B.c., and cast iron is said to have been in use in that country 
as early as 300 B.c. Other writings on the earliest Chinese metal- 
lurgy are mentioned. The smelting processes are described in a 
Chinese book entitled “‘ Meng Hsi Pi Tan,” dating from the Sung 
Dynasty. Cast iron was made in cold-blast furnaces, the blast 
being provided by wooden piston-blowing engines worked by hand 
or by animals. This cast iron was also treated in a second furnace 
to make wrought iron, and the latter was also carburised to produce 


steel. 
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Estimating for the Foundry. C.M.Wight. (Institute of British 
Foundrymen: Foundry Trade Journal, 1937, vol. 56, Jan. 14, 
pp. 28-30, 32). A discussion of methods in use for the estimation 
of foundry costs. 

Ferro-Alloys in the Foundry. J. N. Ludwig, jun. (Foundry, 
1937, vol. 65, Jan., pp. 32-33, 84, 87). The author discusses the 
application of various ferro-alloys in the production of high-grade 
cast iron and indicates the effects of the alloying elements on the 
physical properties. 

The Manufacture in the Electric Furnace of Shock-Resisting 
Cast Iron. (Journal du Four Electrique : Foundry Trade Journal, 
1937, vol. 56, Jan. 14, p. 20). A brief account is given of the 
manufacture of high-grade cast iron in the electric furnace operating 
in conjunction with the cupola. The electric furnace which gives the 
best results is of the three-phase type lined with either magnesite or 
dolomite. For comparison the cost price of a ton of iron manu- 
factured by various processes is given in francs: (a) cupola process 
475; (b) duplex process 565; (c) starting from cold charges 575. 

Patterns and their Relation to Moulding Problems. S. A. 
Horton. (Institute of British Foundrymen: Foundry Trade 
Journal, 1936, vol. 55, Dec. 31, pp. 504-505; 1937, vol. 56, Jan. 7, 
pp. 8-10). The author outlines a number of difficulties which 
have been experienced with patterns, but which could have been 
eliminated if more attention had been given to the problem of 
moulding. 

The Painting of Patterns by Spraying. O. T. Koritnig. (Gies- 
serei, 1937, vol. 24, Jan. 29, pp. 59-61). The author discusses the 
painting of foundry patterns by spraying. He points out that 
‘if spraying is to displace hand painting with a brush, the spraying 
department must conform to certain requirements, and he gives a 
short account of such a plant. 

Chills on Drag Warp Castings. (Foundry, 1936, vol. 64, Dec., 
pp. 35, 86). An example is given of a grey-iron casting for a valve 
block in the moulding of which chills were applied to the drag 
face to eliminate porosity, but it was found that the use of chills 
caused the casting to warp. Methods to overcome this trouble 
are outlined. 

Magnetic Moulding Machines. (Engineering, 1937, vol. 143, 
Jan. 8, pp. 37-38). Brief particulars are given of electro-magnetic 
moulding machines of the squeeze-strip type for the production of 
light castings. In these machines, the power required for the 
squeezing operation is obtained from a solenoid, or solenoids, 
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mounted in the base of the machine and energised by direct 
current. 

Moulds Faced With Core Sand. (Foundry, 1937, vol. 65, Jan. 
pp. 22-24, 76). At the Atlas Foundry, Detroit, core sand is used 
not only for cores, but also in many instances for facing the mould 
either in whole or in part. The dried core sand presents a stiff face 
which prevents the casting~from swelling or straining, imparts a 
smooth face to the iron, simplifies to a great extent the actual 
making of the mould and facilitates the escape of gas. The three 
general methods of applying the core sand are described and 
illustrated. 

New Mass Production Core Ovens at the Packard Motor Car 
Company. C. F. Mayer. (Industrial Heating, 1937, vol. 4, Jan., 
pp. 47-52). An illustrated account is given of the core baking and 
drying ovens installed at the plant of the Packard Motor Co. 

Recent Developments in Testing Oil-Sands for Cores. N. D. 
Ridsdale. (Foundry Trade Journal, 1937, vol. 56, Jan. 21, pp. 85- 
86). The author describes methods of testing oil-sands for cores. 
The tests cover green bond strength of the oil-sand as prepared and 
the compression strength, shear strength and tensile strength of the 
baked test-pieces. 

Developments in the Production of Ingot-Mould Castings. R. 
Ballantine. (Institute of British Foundrymen: Foundry Trade 
Journal, 1936, vol. 56, Jan. 7, pp. 3-5; Jan. 14, pp. 25-27, 32). 
Illustrated particulars are given of the practice at the Mossend 
Works of the Fullwood Foundry Company, Ltd., for the production 
of ingot moulds. Two types of moulds are manufactured : (1) the 
common or ordinary type, and (2) the inverted type. Core-making 
and moulding practice are dealt with in detail. 

Making a Large Turbo-Alternator Stator Yoke Pattern. J. R. 
Moorhouse. (Foundry Trade Jounal, 1936, vol. 55, Dec. 31, pp. 
509—510). The author describes and illustrates the operations 
involved in the moulding of a large yoke casting. 

Changes Method to Reduce Costs. J. A. Eastham. (Foundry, 
1936, vol. 64, Dec., pp. 32-33, 84). The author illustrates and de- 
scribes a method for the moulding of a double bollard for a dock 
wall. 

The New Foundry of David Brown & Sons (Hudd.), Ltd. V. C. 
Faulkner. (Foundry Trade Journal, 1937, vol. 56, Jan. 28, pp. 97- 
101: Iron and Coal Trades Review, 1937, vol. 134, Feb. 5, pp. 
260-261). Illustrated particulars are given of the layout and 
equipment of this plant, where the Randupson process of cement- 
sand moulding is in operation. 

Some Detrimental Factors Affecting Steel Castings. EK. J. 
Brown. (Institute of British Foundrymen: Foundry Trade 
Journal, 1937, vol. 56, Jan. 21, p. 89). The author deals briefly 
with non-metallic inclusions and gases in cast steel. 
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Granite City Steel Co. Maintains Tradition. ©. Longenecker. 
(Blast Furnace and Steel Plant, 1937, vol. 25, Jan., pp. 92-101). 
An illustrated description is given of the layout and equipment of 
the open-hearth shops and rolling-mills of the Granite City Steel 
Co., St. Louis. 

The Influence of the Hydrogen absorbed during Melting on Steel. 
P. Bardenheuer and E. H. Keller. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 16, pp. 
227-237). The passage of hydrogen through a bath of steel has 
no influence on the carbon, sulphur and phosphorus contents, but 
a reaction with the oxygen of the melt takes place; the deoxidation 
of a steel bath by hydrogen is basically possible. If a carbon steel 
containing hydrogen be hot-worked, then, in the case of steels con- 
taining less than 0-6% of carbon, hot- or red-shortness is found. 
This can be removed by heat treatment. Nickel-chromium steels 
with 1% of chromium and 3%, of nickel are not hot-short on forging, 
but are red-short; also, after the passage of hydrogen, these steels 
give a flaky fracture, a defect which cannot be removed by annealing 
at 1000° C. The hydrogen absorbed by a steel bath is given up 
only slowly. During solidification and in the first period thereafter 
the ingots give up a large proportion of the gas, and this is assisted 
by hot-working. The hydrogen liberated during cooling can react 
with elements such as carbon, sulphur and oxygen, forming gaseous 
compounds. The notch toughness of plain carbon steels is reduced 
by hydrogen; on the other hand, these steels, after hydrogen treat- 
ment, are slightly susceptible to ageing. This depreciation of the 
notch toughness can be corrected by annealing. 

Effect of Temperature upon Interaction of Gases with Liquid 
Steel. J. Chipman and A. M. Samarin. (American Institute of 
Mining and Metallurgical Engineers, 1937, Technical Publication 
784: Metals Technology, 1937, vol. 4, Jan., No.1). Previous work 
has established the condition of equilibrium in the reactions of 
liquid iron with steam at 1600° and with the oxides of carbon at 
1580° C. The present work was undertaken for the purpose of 
extending knowledge of both systems over the entire range of steel- 
making temperatures. An experimental study was made, covering 
the range 1600-1770° C., of the equilibrium constant of the reaction : 
oe pp 9) _. 

(Hg) (% FeO) 

At 1700° the oxygen content of the metal is proportional to the steam- 
hydrogen ratio in the gas, confirming results of previous investiga- 
tions. The equilibrium constant is, therefore, independent of the 


FeO (in Fe) + H, = Fe (liq.) + H,O (gas.); K 
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iron oxide content and a function of temperature only. The 
experimental data are represented by the equation : 
Log K = ta a — 5-50. 
T 

In order to apply the experimental results to reactions involving 
other gases, a compilation was made of the thermodynamic proper- 
ties of gases at 1600° C. as obtained by modern spectroscopic 
methods. Equations are derived for the change in free energy 
accompanying reactions among the several gases, including their 
reactions with carbon. The calculated equilibrium constant of the 
reaction 

FeO (in Fe) + CO = Fe (liq.) + CO,; K = —- CO, os 

. (CO) (% FeO) 


is in virtually exact agreement with Vacher’s experimental deter- 
minations, which may now be extended, by calculation, to cover a 
wide range of temperature. Tables are given to show the effect of 
iron oxide and carbon in the liquid metal on the composition of the 
equilibrium gas at several temperatures. The constant for the 
reaction of carbon with FeO in liquid steel is computed for several 
temperatures, and a table is presented showing the product of 
the carbon percentage and the FeO percentage at atmospheric 
pressure, and over a wide temperature range, as a function of the 
carbon content. The evolution of gases from rimming ingots is 
discussed, and it is pointed out that until the mechanism of gas 
evolution is more fully understood an exact thermodynamic treat- 
ment of the problem is impossible. Some features of a probable 
mechanism are suggested, including the postulate that the gases 
are evolved from an active film of liquid metal adjacent to the 
solid-liquid interface. A rough estimate of the composition of the 
gas evolved from a low-carbon rimming ingot is made. 

Arc-Refined Stainless Steel Castings. T. W. Lippert. (Iron 
Age, 1937, vol. 139, Jan. 28, pp. 18-23). The author describes the 
use of a hollow-electrode furnace at the plant of the Ludlum Steel 
Co., for the production of stainless steel for castings. The furnace 
used is an indirect-are single-phase type with two hollow graphite 
electrodes which project through the ends of the furnace at a slight 
angle to the horizontal. Cores or briquettes consisting of 14 lb. 
of coke, 100 Ib. of chrome ore and 3 |b. of a binder such as molasses 
are fed through the hollow electrodes, where, as they approach the 
arc tip, they are melted at the extremely high arc temperature ; at 
the same time, a scrap charge is melted on the hearth. The entire 
furnace tilts about the axes of the electrodes so that they are not 
disturbed during tapping. About 2000 lb. of ordinary and stainless 
steel scrap are charged cold, and the charge is melted in about 
50 min. Practically all alloy specifications with 10% or more of 
chromium can be produced in this type of furnace. The properties 
of and results of tests on the steels produced are described. 
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Hollow Electrode Furnace for Melting and Refining Stainless 
Steel Castings. D.M. Scott and A. W. F. Green. (Steel, 1937, vol. 
100, Feb, 1, pp. 46-50). The production of Silcrome stainless-steel 
castings in the hollow-electrode type of electric furnace at the 
plant of the Ludlum Steel Co. is described. 

Structure of Rimmed-Steel Ingots. T.S. Washburn and J. H. 
Nead. (American Institute of Mining and Metallurgical Engineers, 
1937, Technical Publication No. 779: Metals Technology 1937, 
vol. 4, Jan. No.1). The different types of ingot structures, and some 
of the effects of furnace and pouring practice on these structures were 
investigated by a study of killed, semi-killed and rimmed steel. 
Ingot cross-sections were obtained by breaking ingots with dynamite. 
With regard to rimmed steel, the first metal to solidify when the 
liquid steel comes in contact with the mould walls forms equiaxed 
crystals, as a result of the rapid solidification. As the solidification 
continues the crystallisation changes to a columnar dendritic type, 
which persists during the rimming period and the formation of 
the rim zone. Selective crystallisation occurs with both kinds of 
crystals, but to a greater degree in the columnar dendritic type. 
This results in the solid phase being lower in carbon, phosphorus, 
sulphur and oxides than the original melt, with the rejection of these 
components to the adjacent liquid phase. Carbon monoxide is 
also formed at the boundary of the solid phase, as a result of the 
reaction C + FeO @ CO + Fe. It is also probable that hydrogen 
is evolved at this point, as a result of the lower solubility of this 
gas in the solid phase. These gases form at the boundary of the 
solidification zone and between the branches of the dendrites. The 
escape of the evolved gas from between the branches of the dendrites 
sweeps away the impure liquid adjacent to the solidifying metal. 
The rising of this gas along the solid-liquid interface and its escape 
at the top of the ingot cause the rolling action of the liquid metal at 
the surface which is so characteristic of this type of steel and from 
which it gets its name of “rimming” steel. This rolling action of 
the liquid metal at the top keeps the metal from freezing over. Some 
of the gas is entrapped, permanently or temporarily, between the 
branches of the dendrites, displacing the liquid. A rim-zone struc- 
ture in which the gas has remained and formed primary blow-holes 
consists of a solid phase with less carbon, manganese and phosphorus 
than the remainder of the ingot, since the liquid between the 
dendrite branches is displaced by the gas. The portion of the rim 
zone that is free from primary blow-holes is also low in the elements 
mentioned above, however, which would indicate that gas had 
formed between the dendrite branches during the solidification, 
which either escaped or was reabsorbed, probably the former. In 
either case, the void would be filled with metal from the liquid phase 
in the body of the ingot, which would be relatively purer than the 
impure metal it replaced. The type of solidification forming the 
rim zone ceases when the rimming action stops. This may be 
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accomplished artificially by placing a cap on the top of the ingot or 
adding aluminium to the liquid phase. It will also occur naturally, 
however, if the ingot is allowed to rim, for when the temperature is 
low enough the gas evolution decreases until the top freezes over. 
The secondary blow-hole zone occurs at the boundary of the rim zone, 
at the point where the rimming action stops, and presumably is 
formed from the gas along the face of the solidifying metal that is 
trapped when the ingot is capped. There is also a higher con- 
centration of carbon, phosphorus, sulphur and oxides at the solid- 
liquid interface, which will tend to persist in the secondary blow-hole 
zone. After the ingot is capped the core zone solidifies, with the 
formation of equiaxed rather than dendritic crystals. During the 
solidification of this zone, the temperature is close to the freezing 
point, and crystallisation probably occurs to a certain extent 
throughout the liquid. The usual type of segregation, however, 
is found in this zone, and the concentration of carbon, phosphorus 
and sulphur increases towards the middle and top of the core zone. 
When the solidification is completed, the top of the core zone is 
porous and does not resemble the type of pipe found in killed steel. 
Probably this can be attributed to the fact that gas evolved during 
the solidification of the core zone collects in the mushy metal under 
the cap, and prevents the formation of a true contraction pipe. 
Rimmed steel does not have the true pipe characteristic of killed 
steel, since the volumetric shrinkage resulting from the falling temp- 
erature in the liquid state and phase-change contraction is largely 
offset by the space occupied by entrapped gas, or blow-holes. Many 
variables in the furnace and pouring practice affect the ingot 
structure. The effect of some of the variables, such as the relation 
between the rimming time and the depth of the rim zone, are fairly 
definite. The effect of others, such as the relation between the 
iron oxide in the slag and the type of primary blow-hole zone, is 
indirect, and may be offset by other variables, so that it is often 
obscured in individual heats. The effect of variables of this class 
can only be determined by studying a large number of heats and 
making corrections for the other variables. The principal variables 
affecting the thickness of the skin are the mould temperature, steel 
temperature and rate of pouring. The thickness of the skin is 
decreased if the mould temperature is too high (over 700° F.), 
or if the mould is too cold, particularly if the surface is damp or 
rusty. The thickness decreases with increasing steel temperature 
and increasing pouring rate. In general, satisfactory skin thickness 
is associated with the type of rimming action that begins while the 
ingot is being poured and continues vigorously with no rise, and 
preferably some drop, in the level of the metal after the ingot is 
topped off. Examples of thin-skinned and thick-skinned ingots are 
illustrated. The size and distribution of the primary blow-holes 
are affected primarily by the iron oxide in the slag, the type 
and amount of deoxidisers used in the ladle and moulds, the 
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temperature of the steel, the ingot dimensions, the height of 
pour, and the composition of the steel. A low content of iron 
oxide in the slag is usually associated with a slow evolution of 
gas and unsatisfactory rimming action—the gas not being ejected 
readily from between the dendrite branches and not rising freely 
along the wall of solidifying metal. This type of rimming action 
results in an increase in the diameter and length of the blow-holes, 
and usually they begin forming closer to the surface, thus decreasing 
the thickness of the skin. The effect of deoxidisers is also associated 
with gas evolution, and the use of too great an amount, or of types 
such as silicon, causes a condition similar to that resulting from too 
low a content of iron oxide. Excessively high steel temperature 
results in the formation of blow-holes nearer the surface, reducing 
the thickness of the skin. The mould dimensions, both with respect 
to the total area of the cross-section and the ratio of the two dimen- 
sions, have an affect on the rimming action and the type of primary 
blow-holes. The height of pour has a definite effect on the size and 
height of the primary blow-holes. The effect of steel composition 
is demonstrated by the improvement that occurs in the type of 
primary blow-holes in a low-carbon steel as compared with a high- 
carbon steel, and by ingot iron that is very low in carbon and 
manganese and is entirely free from primary blow-holes. The 
position and characteristics of the secondary blow-holes are affected 
by the iron oxide in the slag, the pouring temperature, the rate of 
solidification and rimming time, and the sulphur in the steel. A 
high iron oxide content of the slag and high pouring temperature 
are associated with the rate of solidification and rimming time, and 
act to produce deeper seated secondary blow-holes with a higher 
concentration of impurities, which tends to prevent the blow-holes 
from welding when the ingot is rolled. High sulphur in the steel 
is associated with this same condition, as a higher concentration of 
sulphur occurs adjacent to the secondary blow-holes. Examples 
showing the effect of rimming time on the depth of the secondary 
blow-holes are given. 
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Inlands New 43 in. Two-High Blooming Mill is Served by Circular 
Pits. (Steel, 1936, vol. 99, Dec. 7, pp. 46-48). Inland Expands 
Indiana Harbour Plant. R. A. Fiske. (Iron Age, 1936, vol. 138, 
Dec. 3, pp. 52-57). Recent additions to the plant of the Inland 
Steel Company, Indiana Harbour, include four open-hearth furnaces, 
nine circular soaking pits and a blooming mill. The soaking pits 
are of the Salem type and are built in a row with the lower pit 
floor about 11 ft. below the working floor. Each pit is 16 ft. in 
dia. for a distance of 3 ft. from the top. From the bottom of this 
section the wall slopes outwards for the next 3 ft., below which it 
is again vertical. Each pit is provided with fifteen burners set at 
an angle of 38° to impart a whirl to the flame and to work it to the 
top of the pit, where the gas is directed towards the centre and down- 
wards to a flue opening in the centre of the pit bottom. At present 
six pits are fired with gas and three are oil-fired. 

The Importance of the Heating-Up Time in Regard to the Con- 
struction and Valuation of Reheating Furnaces. F. Wesemann. 
(Stahl und Eisen, 1937, vol. 57, Jan. 21, pp. 65-66). In the past 
the determination of the output of a reheating furnace or the choice 
of dimensions of a new furnace for a given output has been based 
on the “‘ hearth-area output,” expressed as the weight of throughput 
per unit of hearth area per hour. The heating-up and cooling 
periods, however, have proved to be of increasing importance. The 
heating-up period has a great influence on a number of factors, such 
as the scaling, edge decarburisation and the thorough heating of the 
material. On the basis of experimental and practical results, the 
author presents a diagram showing the relation of the heating-up 
period to the thickness of the ingot, and indicating the additional 
influences of the type of steel, ingot shape, temperature of with- 
drawal and the mode of heating. He also gives formule for calculat- 
ing the hearth-area output from the heating-up time and the thick- 
ness of the ingot, one for rectangular and the other for round ingots. 








( 2184 ) 


FORGING, STAMPING, AND DRAWING 
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An Investigation of the Forging Process. (Metal Treatment, 
1936, vol. 2, Winter issue, pp. 194-197). An abridged translation 
of a paper by H. Houben which appeared in Archiv fiir das Eisen- 
hiittenwesen, 1936, vol. 10, Nov., pp. 183-187. (See p. 65 A). 

Forming and Forging. F. L. Prentiss. (Iron Age, 1937, vol. 
139, Jan. 7, pp. 363-367; Jan. 28, pp. 26-31, 85). A review of 
recent developments in forging practice and equipment. 

Modern Forging Practice is Well Integrated Technique. R. W. 
Thompson. (American Society of Metals: Steel, 1937, vol. 100, 
Feb. 8, pp. 42-47). The author reviews the many improvements 
effected in forging equipment and practice since the first double- 
action steam hammer was put into operation in 1888. The equip- 
ment of a modern forge plant is also discussed. 

Chevrolet Motor Company Operating New Forge Shop. W. C. 
Kernahan. (Heat Treating and Forging, 1936, vol. 22, Dec., 
pp. 601-605). The layout and equipment of the new forge shop 
of the Chevrolet Motor Company at Muncie, Indiana, are described 
and illustrated. 

Die Forged Locomotive Rods. (Iron Age, 1937, vol. 139, 
Feb. 4, pp. 67-71). An illustrated account is given of the methods 
employed at the plant of the Park Drop Forge Co., Cleveland, for the 
die-forging of rods of chromium-nickel-molybdenum steel for loco- 
motives. After forging, the rods are normalised, quenched and 
drawn to a minimum hardness of 275 Brinell. The finished rods 
are chromium-plated. The steel used has the following analysis : 
Carbon 0-36%; manganese 0-70%; phosphorus 0-015%; sulphur 
0-013%; silicon 0-27%; chromium 0-75%; nickel 1:75%; and 
molybdenum 0-25%,. 

Manual Operations Predominate in Manufacturing High-Quality 
Axes. (Steel, 1937, vol. 100, Feb. 15, pp. 66-69). An illustrated 
account is given of the processes involved in the hand forging of 
high-grade axes at the plant of the Warren Axe and Tool Co., 
Warren, Pa. The axe head is formed under a heavy press and the 
final operation is carried out by drop forging. The axe head is 
of soft steel while the bit or cutting edge is of tool steel. The 
welding of the bit into the head is carried out under a trip hammer. 

Cold Roll Forming and Bending. ©. M. Yoder. (Iron and 
Steel Engineer, 1937, vol. 14, Feb., pp. 13-18). Th® author outlines 
up-to-date practice in the production of various metal shapes in 
cold roll forming and bending machines. 

An Unusual Fender Job. J. Beaudoin. (Metal Progress, 1936, 
vol. 30, Dec., pp. 59-63). The methods and equipment used at the 
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plant of the Buick Motor Co. for the drawing of automobile fenders 
are described and illustrated. 

Rod and Wire for Cold Heading, Trimming and Extruding. (Wire 
and Wire Products, 1937, vol. 12, Jan., pp. 21-25). A summary of 
information on American methods used in the manufacture of rod 
and wire for cold-heading, trimming and extruding. The com- 
positions of the steels used are given. 

History and Development of the Art of Cold Drawing Steel Bars. 
H. E. Mack. (Steel, 1937, vol. 100, Feb. 15, pp. 38-44, 80-81). 
The author describes in detail the operations involved in the cold- 
drawing of steel bars, with special reference to American practice. 

Cold Forming Processes—Drawing Rods and Bars. J. KE. Beck. 
(Wire and Wire Products, 1937, vol. 12, Jan., pp. 26-34). The 
author deals with the general aspects of cold-drawing rods and 
bars of plain carbon steel. The cold-drawing process is described 
and the effects of cold-drawing on the steel are discussed. 

Steel Sheets for To-day’s Motor Car. T. P. Archer and R. A. 
Gueder. (Iron and Steel Engineer, 1936, vol. 13, Dec., pp. 28-38). 
In Part I. of this paper a detailed account is given of the operations 
involved in the drawing and fabrication of sheets for automobile 
construction. Part II. is concerned with electrical equipment for 
driving the presses and forming machines. 

Lubricants Employed in Deep Drawing. J. D. Jevons. (Metal 
Industry, 1936, vol. 49, Dec. 11, pp. 577-582; Dec. 18, pp. 607- 
610; Dec. 25, pp. 629-632; 1937, vol. 50, Jan. 1, pp. 9-10). A 
series of articles in which the author discusses the chemical and 
physical properties of lubricants suitable for use in deep-drawing 
operations. Factors of economic and industrial importance such 
as cost and the psychological effect upon the user, and problems of 
the compounding and choice of lubricants are considered. 

The Attachment of the Cranks to Crankshafts by Contraction. 
(Soudeur-Coupeur, 1937, vol. 16, Jan.). The use of very low 
temperatures instead of heating for “ shrinking-on ” one part on to 
another is described briefly. In one case, liquid air was used in 
joining the elements of a crankshaft. In the other case, a crank- 
shaft had fractured; for its repair it was necessary to drill out a 
hole through the fractured parts and fit a core; this latter was done 
by cooling the core in liquid nitrogen. 
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(Continued from pp, 165 a—166 a) 


Centralised Lubrication in the Steel Industry. E. J. Ehret. 
(Iron and Steel Engineer, 1937, vol. 14, Feb., pp. 19-24). The 
author describes the application of the centralised system of lubrica- 
tion to rolling mills and other steelworks equipment, and points out 
the economy of the method. 

Molecular Structure and Oiliness of Lubricants. J. J. Trillat. 
(Revue Générale des Sciences, 1937, vol. 48, Feb. 28, pp. 95-107). 
Lubrication can be divided into two classes; in the one the moving 
parts are separated by a relatively thick film of oil, but in the other— 
lubrication by molecular film—the layer of lubricant has a thickness 
of only a few molecules, and here questions of adhesion and of 
molecular structure and orientation come into consideration. The 
author seeks to link up the oiliness properties of oils with the 
molecular phenomena revealed by physical and physico-chemical 
methods of research, and to define more precisely the problem of 
friction under conditions of lubrication by molecular film, in order 
to deduce therefrom the relationships to the practical problem of 
lubrication. 

An Introduction to Section Mill Roll Design. J. McLaughlan. 
(Staffordshire Iron and Steel Institute, Feb. 9, 1937: Iron and Coal 
Trades Review, 1937, vol. 134, Feb. 19, pp. 357-358). The author 
discusses some of the principles underlying the design of rolls for 
section mills and the factors affecting the shape of the bar during 
the rolling operation. 

Influence of the Degree of Rolling, the Rolling Temperature and 
the Thickness Ratio on the Rolling Process and the Mechanical 
Properties of the Rolled Material in the Hot-Rolling of Medium- 
Hard Carbon Steels. A. Pomp and W. Lueg. (Mitteilungen aus 
dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, 
No. 13, pp. 183-204). In order to obtain further data on the 
influence of the composition of the steel on the rolling process in the 
hot-rolling of carbon steels, experiments were made on a 0-28% 
carbon electric steel and a 0-43°% carbon open-hearth steel, at 
temperatures between 700° and 1200°C. As the temperature rose, 
the average resistance to deformation and consequently the roll 
pressure and power required decreased markedly; the speed gain 
was similarly affected, but the spread was not influenced. The 
ratio of the diameter of the rolls to the thickness of the rolled material 
(the “ thickness ratio’) had a very powerful effect on the average 
resistance to deformation, which dropped by 50% when the thick- 
ness ratio was quadrupled. Regarding the influence of the steel 
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composition, at lower temperatures the roll pressure, average resist- 
ance to deformation and power required were higher for the open- 
hearth steel with the higher carbon content, but at higher tem- 
peratures these differences disappeared, and, in fact, at 1200° C. 
the values for the softer electric steel were slightly higher than 
those for the open-hearth steel. The steel composition has very 
little effect on the speed gain and spread. In comparison with a 
soft 0-08°% carbon steel examined earlier, the average resistance to 
deformation of the present steels was considerably higher at the 
lower temperatures; from 900° C. upwards, however, the values 
were about equal, and at higher temperatures for thickness ratios 
above 5% the values for the two harder steels were actually slightly 
less. Mechanical tests on the rolled bars showed that the optimum 
rolling temperature for producing the best properties in these two 
steels lay between 800° and 900° C.; the draft per pass and the 
cross-section of the rolled material, within the limits examined, 
had no important influence. 

Reversing Roughing Unit with Vertical Roll Edger Feature 
Homestead Sheared Plate Mill. (Steel, 1937, vol. 100, Jan. 18, pp. 
38-43, 64). An illustrated description is given of the layout and 
equipment of the new semi-continuous plate mill of the Carnegie 
Illinois Steel Corp. (See p. 166 a). 

Roughing Operations of New Homestead Plate Mill are Controlled 
Automatically. (Steel, 1937, vol. 100, Jan. 18, pp. 44-46, 64). 
The control equipment for the reversing roughing stand of the new 
plate mill of the Carnegie Illinois Steel Corporation is described and 
illustrated. 

Developments in Rolling Flat Steel Products in 1936. 8S. Badlam. 
(Lron and Steel Engineer, 1937, vol. 14, Jan., pp. 20-36). The author 
shows the increase in capacity in continuous sheet and hot wide 
strip mills in the United States since the year 1924, and gives 
particulars of the mills at present in operation. At the present time 
there are in operation 21 continuous mills for the hot-rolling of wide 
strip, having an aggregate capacity of approximately 9,850,000 
tons per annum. This figure will be increased to approximately 
12,250,000 tons with the addition of four mills which are under 
construction. Particulars are given of the various mills placed in 
operation during the past two years. 

Youngstown Strip Mills. (fron and Steel Engineer, 1937, vol. 
14, Feb., Supplement). A complete illustrated description is given 
of the layout and equipment of the continuous hot and cold strip 
mills in operation at the Campbell Works of the Youngstown Sheet 
and Tube Co., Youngstown, Ohio. 

Material Handling Facilities for Hot and Cold Strip Mills. IF. M. 
Gillies. (Iron and Steel Engineer, 1937, vol. 14, Jan., pp. 15-19). 
The author discusses in a general way equipment for the handling 
of materials in strip mills and enumerates various types of equipment 
in use. 
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Improvements and Developments in Methods for Seamless Tube 
Manufacture. (Metallurgia, 1937, vol. 15, Jan., p. 76). Brief 
particulars are given of a new method of rolling seamless tubes. 
In this process the rolls and mandrel in conjunction provide the 
reducing action, the propelling force during the operation being 
obtained either on a push bench by means of hydraulic power, by a 
rack and pinion, or by a chain bench of the endless-chain type. 
None of the rolls is direct driven. Support or bolster rolls are 
included, somewhat similar to the arrangement of ordinary cluster 
mills. This allows the actual working rolls to be of comparatively 
small diameter and the supporting rolls of large diameter. It is 
claimed that in this process the pounding and hammering of the 
metal during rolling is eliminated by a steady and gradual pressure. 

Some Factors which Influence the Production of Seamless Tubes. 
G. Evans. (Metallurgia, 1937, vol. 15, Jan., pp. 87-88). The author 
points out the necessity of using sound material in the production of 
seamless tubes, and deals with the inspection of finished tubes. 
Illustrated particulars are given of a low-power microscope designed 
for the internal inspection of long lengths of tube. 

Developments in the Iron and Steel Industry during 1936. W. H. 
Burr. (Iron and Steel Engineer, 1937, vol. 14, Jan., pp. 49-59). 
A review of developments in equipments in American iron and steel 
plants during the past year with special reference to main drives for 
rolling mills. The various types of motors applied to the main 
drives of American mills are listed. 

Electric Drives for Rolling Mills. (Metallurgia, 1937, vol. 15, 
Jan., pp. 67-68, 84). Illustrated particulars are given of some recent 
— of electric motors for driving rolling mills in British 
plants. 

Control Rectifiers for Electrical Plants in Industry. C.T. Buff. 
(Stahl und Eisen, 1937, vol. 57, Jan. 21, pp. 53-63). The con- 
struction and electrical characteristics of large rectifiers for supplying 
and controlling the current for large machines (rolling-mill motors 
are included among the examples given) are described. 
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HEAT TREATMENT 





(Continued from pp, 168 a-169 a) 


Superficial Hardening by the Blow-Pipe and its Industrial Applica- 
tions. M. Vilez. (Bulletin de la Société des Ingénieurs Soudeurs, 
1936, vol. 7, Nov.—Dec., pp. 2481-2514). After a short survey of the 
various methods of carrying out the surface hardening of steels, the 
author deals in detail with the method employing the blow-pipe. He 
describes the modes of operation—piecemeal, in which the blow-pipe 
and quenching appliance and the work are moved in relation to each 
other, so that the hardening effect travels along the surface; and 
general hardening, in which the entire surface is heated and then 
quenched—the various factors affecting surface hardening, and the 
technical and economic features of blow-pipe hardening. The 
author then enumerates the apparatus required, and finally gives 
examples of the application of the process. 

The Cementation of Steels by Means of the Oxy-Acetylene Flame. 
J. Fassbinder. (Twelfth International Congress of Acetylene, Oxy- 
Acetylene Welding and Allied Industries, London, June, 1936: 
Revue de la Soudure Autogéne, 1937, vol. 29, Feb., pp. 26-34). 
The author describes experiments carried out with the object of 
developing the practical cementation of steels by the oxy-acetylene 
flame. In the first part he describes the experimental details such 
as the steels used, the measurement of the temperatures of the 
specimens, their dimensions, the modus operandi of a test and the 
examination of the pieces afterwards. In the next part the test 
results are set out; the determination of the optimum composition 
of the oxy-acetylene mixture, the best position of the blow-pipe in 
relation to the specimen, the choice of temperature, the consumption 
of the gases, time/depth-of-cementation curves at various tempera- 
tures, the elimination of hypereutectoid cementite, &c., are matters 
dealt with. In the last part the author discusses the results obtained 
and presents his conclusions. 

Beneficial Internal Compressive Stresses in Nitrided Layers. 
F. Gentner. (Technische Mitteilungen Krupp, 1937, vol. 5, Feb., 
pp. 19-21). The author first explains how the process of nitriding 
steel sets up tensile stresses parallel to the surface in the depth of the 
metal and compressive stresses in the nitrided case. He then 
describes a test made on a heat-treatable nitriding steel flat bar 
measuring 25 x 11 mm. by 500 mm. long. After nitriding, saw 
cuts just below the case were made parallel to the 25 x 500-mm. 
faces, the case and basis metal being left uncut at the middle and 
ends; the case bowed away from the basis metal. Measurements 
before and after nitriding and making the saw cuts revealed the 
extent to which the case and core contracted and expanded, respect- 
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ively, and from these data the compressive and tensile stresses were 
calculated. The self-stress system in the case must be regarded as 
beneficial. Compressive self-stresses in the surface improve the 
fatigue resistance of hard materials and the corrosion-fatigue resist- 
ance of soft metals. Methods have been developed for producing 
artificially compressive self-stresses in the surface of metals, but the 
self-stresses in nitrided cases have advantages over those artificially 
produced. 

The Heat Treatment of Cast Iron. Hardening and Tempering. 
J. E. Hurst. (Iron and Steel Industry, 1936, vol. 10, Dec., pp. 213- 
216; 1937, Jan., pp. 249-252). The effect of hardening and temper- 
ing on the mechanical properties of cast iron is discussed. The effect 
of chemical composition and alloy additions is also dealt with. 

Heat Treating Equipment at Consolidated Aircraft Corp. C. F. 
Olmstead. (Metal Progress, 1937, vol. 31, Jan. pp. 53-55). The 
heat-treatment furnaces in use at the plant of the Consolidated 
Aircraft Corporation, Lindbergh Field, San Diego, Cal., are described. 

Heat Treating Large Aircraft Parts. J. K. Ball. (Society of 
Automotive Engineers, Oct. 1936 : Heat Treating and Forging, 1936, 
vol. 22, Dec., pp. 629-632). Particulars are given of the practice at 
the plant of the Boeing Aircraft Company, for the heat treatment of 
parts used in the construction of airplanes. 

Rail End Building Up and Heat Treatment by the Arc Method. 
C. B. Bronson. (Welding Journal, 1937, vol. 16, Jan., pp. 12-13). 
The application of the electric arc to the building-up and hardening 
of rail ends is discussed. 

Heat Treatment Furnace Settings. (Sheet Metal Industries, 
1937, vol. 11, Jan., pp. 26-27). Illustrated particulars are given of 
the design and construction of the “ Liptak air-jacketted ” heat- 
treatment furnace. In this furnace both the walls and the roof are 
suspended and the air for combustion passes through a space 
between the suspended roof and the walls and a thin outer casing. 
The air is thus preheated to about 150°, whilst the outer surfaces 
of the roofs and walls are kept cool. 

A Safety Razor Factory. (Electrical Review, 1937, vol. 120, 
Feb. 5, pp. 195-196). Particulars are given of the methods employed 
by Gillette Industries, Ltd., for the production of safety razor blades. 
The steel ribbon is hardened by passing it through a tube wound with 
chromium-nickel heating elements, and then between water-cooled 
quenching plates. Tempering is effected in a second low-tempera- 
= and by passing an electric current through the steel 
itself. 
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WELDING AND CUTTING 





(Continued from pp, 170 a-171 A) 


How to Weld Twenty-Nine Metals. C.H.Jennings. (Iron Age, 
1936, vol. 138, Dec. 24, pp. 30-45; Dec., 31, pp. 30-35; 1937, vol. 
139, Jan. 14, pp. 27-31; Jan. 21, pp. 32-33, 101-102; Feb. 4, pp. 
60-63; Feb. 11, pp. 4447). The author presents data on the 
procedure adopted by the Westinghouse Electric and Manufacturing 
Co. for the are welding of various types of carbon and alloy steels 
and non-ferrous metals. 

New Oxy-Acetylene Butt Welding. ©.G. Bainbridge. (Welding 
Industry, 1937, vol. 5, Feb., pp. 8-11). The author describes 
procedure for the vertical welding of steel. 

On the Question : Cored Electrodes or Covered Electrodes? R. 
Hackert and K. L. Zeyen. (Technische Mitteilungen Krupp, 1937, 
vol. 5, Feb., pp. 22-31). By means of experimental tests, an insight 
has been gained into the weld qualities and properties attainable with 
covered electrodes. A comparison of these results with recently 
published figures for modern alloy cored electrodes shows that great 
advances have been made lately in the field of covered electrodes. 
Universal electrodes suitable for all purposes are not likely to be 
found while the technique of welding is expanding continually to 
cover new materials and fields of production. This is as little desir- 
able as the surplanting of one welding method by another; each 
method has its advantages, and should be used in those applications 
for which it is most suitable. The same applies to the various types 
of filler rods. 

Alloy Elements in Welding Rods. A. B. Kinzel. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding and 
Allied Industries, London, June, 1936: Revue de la Soudure 
Autogéne, 1937, vol. 29, Feb., pp. 36-38). (See Journ. I. and §.L., 
1936, No. II., p. 164 4). 

Progress in Electric Resistance Welding. J. E. Languepin. 
(Mémoires de la Société des Ingénieurs Civils de France, 1937, vol. 
89, Sept.Oct., pp. 716-735). After touching briefly on the classi- 
fication of welding processes, the principal types of resistance 
welding machines and new ideas on welding procedure, the author 
discusses developments in resistance welding machines, numerous 
types of which are illustrated. 

Welding Locomotive Cylinders and Frames. (Welding Industry, 
1937, vol. 4, Jan., pp. 455-458). An account is given of a discussion 
that took place at a Conference held by the British Oxygen Co., Ltd., 
on various problems relating to the welding of cast-iron locomotive 
cylinders and frames. 
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Contribution to the Study of the Réle of Nitrogen in Welds. A. 
Portevin and D. Séférian. (Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Dec., pp. 705-720). This instalment contains parts I. and 
II. of the entire paper. In part I. the authors present an experi- 
mental study of the conditions of formation of iron nitride by 
melting, and show the influence of the method of melting the metal 
on the absorption of nitrogen, ¢e.g., melting under the oxy-acetylene 
blow-pipe, in an oxy-ammonia flame, and also in the electric arc, in 
the latter case the effect of the current characteristics, the nature and 
diameter of the electrode coating and the nature of the surrounding 
atmosphere (air, nitrogen, ammonia, hydrogen) being examined. 
Part II. is a study of the iron-nitrogen system; the dissociation 
of nitrides, the iron-nitrogen system, the effect of heat treatment on 
nitrides, and the influence of nitrogen on the structural hardening of 
steels are discussed. The absorption of nitrogen by iron in welding 
varies greatly ; with the oxy-acetylene process it is very low (0-02% 
max.), whereas in are welding it is greater (0-15-0-20%), and is 
influenced greatly by the working conditions. The nitrogen is found 
in flat crystals of Fe,N separated out of the « phase; with more than 
0-13% of nitrogen, a eutectoid (braunite) appears. Iron melted in 
the atomic nitrogen “flame” contains a great deal of nitrides 
(0-35-0-40% of nitrogen). Heat treatment of iron-nitrogen alloys 
gives rise to nitromartensite and nitro-austenite; age-hardening is 
associated with the formation of nitroferrite. This instalment con- 
cludes with a note on methods of estimating nitrogen in steel. 

Influence of Elements Added to Steel on the Absorption of Nitrogen 
during Arc Welding. A. Portevin and D. Séférian. (Académie des 
Sciences, Dec. 28, 1936: Génie Civil, 1937, vol. 110, Jan. 23, pp. 
94-95: Revue de la Soudure Autogéne, 1937, vol. 29, Jan., pp. 
14-15). The absorption of nitrogen by weld metal during arc 
welding may be diminished by increasing the thickness of the coating 
on the covered rods used, but there is a limit to the extent of this 
reduction, and the amount of the gas may still be dangerously high. 
The diminution, it was thought, might be improved by adding 
elements either to the rod or to the coating, and in the present note 
the results of the former experiments are recorded. Carbon, man- 
ganese and silicon tended to diminish the absorption, but the special 
elements examined (aluminium, chromium, molybdenum, titanium, 
vanadium, zirconium, uranium), with the exception of titanium, 
tended to increase it, molybdenum, zirconium and chromium 
having the greatest effect. Regarding uranium, it is possible that 
the resistance to chemical attack of the nitrides formed did not show 
up sufficiently its part in the absorption of nitrogen. Nitrides of 
titanium, zirconium, vanadium and uranium were observed in the 
microstructures ; on ‘the other hand, nitrogen absorption did not give 
rise to new microconstituents i in other alloys (chromium, manganese, 
silicon, molybdenum) except possibly aluminium. The study of the 
chromium steels revealed a method of refining the structure of 
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ferritic chromium steel welds. Previously difficulty had been 
encountered with the coarse grain size and brittleness of the weld 
zone, but the introduction of nitrogen by arc welding refines the 
grain, the degree of refinement increasing with the nitrogen concen- 
tration. A diagram shows that for every chromium content the 
nitrogen content can be adjusted at will and hence the grain size can 
be refined to the degree desired. 

The Advantages of Oxygen-Cutting and of Welding in the Con- 
struction of Machine Frames. J. E. Languepin. (Bulletin de la 
Société des Ingénieurs Soudeurs, 1936, vol. 7, Nov.—Dec., pp. 
2441-2444). Some reflections on the construction and use of 
welded frames for machines. 

The Construction, in France and Abroad, of Welded Frames and 
Mountings. R. Salelles. (Bulletin de la Société des Ingenieurs 
Soudeurs, 1936, vol. 7, Nov.—Dec., pp. 2445-2480). The construc- 
tion of various types of machines by welding is discussed ; numerous 
examples are illustrated. 

Manual Welding of Light Gauge Sheet Metal with the Carbon Arc. 
R. Harris and L. Terney. (Welding Industry, 1937, vol. 4, Jan., 
pp. 442-444). The authors outline methods for the welding of light 
gauge sheets and illustrate the types of joints to which carbon are 
welding is applicable. The values of optimum arc length, curren 
and welding speed are given. 

The Use of Welding for the Construction of very Long Rails and 
also Track Apparatus. (Génie Civil, 1937, vol. 110, Jan. 30, pp. 
106-108). This article is based on two papers, by Miiller and by 
Ridet, which have appeared in the November and December issues, 
respectively, of the Bulletin de |’ Association du Congrés des Chemins 
de Fer. The welding of rails, and also track apparatus, the pro- 
perties of the joints, the reheating of welds, the welding of quenched 
rails, rail expansion and its effect in very long welded rails, &c., are 
among the topics discussed. 

Gas Welding of Zinc and Coated Sheet. W. Anders. (Autogene 
Metallbearbeitung, Feb. 1, 1937: Metal Industry, 1937, vol. 50, 
Feb. 12, p. 213). A brief outline is given of procedure for the gas 
welding of zinc, galvanised iron and lead-coated sheets. 

Pressure-Vessel Shell Construction by Oxy-Acetylene Welding. 
(Autogen Schweisser: Sheet Metal Industries, 1937, vol. 11, Jan., . 
pp. 65-66). A typical application of oxy-acetylene welding to the 
construction of the inner cylindrical shells of pressure vessels is 
shown. The upward vertical method of welding, with double 
reinforcements, was used. This method employs two welders 
working simultaneously on either side of the seam. The advantages 
of the method are shown. 

Influence of Slag Inclusions on the Quality of Electric Resistance 
Butt Welds. H. Blomberg. (Welding Industry, 1937, vol. 4, Jan., 
pp. 451-454). The author discusses the harmful effects of slag 
inclusions on the properties of electric resistance welds. 
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The Strength of Braze-Welded Joints. (Soudeur-Coupeur, 1937, 
vol. 16, Jan.). A number of examples of braze-welded joints and 
repairs are illustrated and discussed, to show the strength of this 
type of joint. 

Fatigue Strength of Welded Joints—A Review of the Literature to 
October 1, 1936. W. Spraragen and G. E. Claussen. (Welding 
Journal, 1937, vol. 16, Jan., Supplement, pp. 1-44). 

Stress Distribution in Welded Joints Subjected to Tension or 
Bending (Measured by Photo-elastic Methods). H. Yamanouti, M. 
Fuziwara and §. Sakezawa. (Transactions of the Society of 
Mechanical Engineers, Japan, 1936, vol. 2, Aug., pp. 316-317). The 
authors present the results of a photo-elastic study of the stress 
distribution in welded joints subjected to tension and bending. 
(In Japanese). 

Working Data on the Cutting of Steel by the Oxygen Jet. N. 
Daniel and C. E. Durant. (Institute of Welding, Feb. 10, 1937 : 
Welding Industry, 1937, vol. 5, Feb., pp. 24-34). The authors 
discuss a number of factors governing the cutting of steel by the 
oxygen jet. The use of various fuel gases, the properties of the cut 
surface, cutting speed, gas consumption, cutting nozzles, nozzle 
distance and cost are dealt with. 

Stack Flame Cutting of Freight Car Parts. B.F.Orr. (Iron Age, 
1937, vol. 139, Feb. 11, pp. 48-51). Illustrated particulars are given 
of a method adopted at an American plant for the flame cutting of 
a number of steel plates of identical pattern by the oxy-acetylene 
process. The plates or sheets are piled one upon another to a 
predetermined height and the cutting machine is automatically 
guided by means of templates. 

Under-Water Cutting Plant, Picard H.7 System. (Soudeur- 
Coupeur, 1937, vol. 16, Jan.). The Picard H.7 appliance for carrying 
out oxygen cutting under-water is illustrated and described. 
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(Continued from p, 133 A) 


Metal Degreasing Prior to Vitreous Enamelling. N. R. Hood. 
(Institute of Vitreous Enamellers: Foundry Trade Journal, 1937, 
vol. 56, Feb. 4, pp. 119-123). The following methods of degreasing 
metals are discussed : degreasing by mechanical means, where the 
grease is removed by a form of abrasion; degreasing by the destruc- 
tion of the grease by subjecting the articles to a sufficiently high 
temperature to cause combustion or volatilisation of the grease film ; 
and degreasing by the use of chemicals, either alkalis or solvents. 

Modern Pickling Units in New Bethlehem Sheet Mill. W. A. 
James. (Metal Progress, 1937, vol. 31, Jan., pp. 63-67). An 
illustrated description is given of the pickling plant of the Bethlehem 
Steel Company, Lackawanna. There are two pickling lines, each 
with a rated capacity of 13,000 tons per month, and designed to 
handle strip in any width up to 72 in. 

A New Theory of Pickling Inhibitors and a New Method of 
Appraising Inhibitors. W. Machu. (Korrosion und Metallschutz, 
1937, vol. 13, Jan.—Feb., pp. 1-20). The author reports the results 
of experiments on the action of eleven organic substances in in- 
hibiting the solution of iron in dilute sulphuric acid and their influence 
on the free pore surface and the resistance of the film. The method 
employed was the determination of the time of passivification and 
of the initial current strength. For all the materials examined the 
free pore surface averaged 0-66, the protective film formed by the 
adsorption of the inhibitor contained 60% of pores, so that its 
protective action cannot be attributed solely to decreased porosity. 
All inhibitors are capable of forming adsorption films, which have a 
considerable electrical resistance. As the concentration of the 
protective substance is raised, so the film resistance rises also. 
Between the film resistance and the inhibiting action there is a 
causative relationship, and the two are strictly proportional. Every 
organic substance which can form by adsorption on iron a film with a 
resistance of 3 ohms is capable at the same concentration of arresting 
the acid corrosion of the metal. The film resistance and hence the 
protective action are caused as follows : Owing to the narrowness of 
the spaces between the molecular chains or groups the rates of 
diffusion and migration are heavily reduced. The high value of the 
film resistance, compared with the value for a passivfying film, 
indicates that the structure of the adsorption layer is much more 
dense than that of normal gels. The film resistance is of the same 
magnitude for all inhibitors; by it, the inhibiting action can be 
explained on a purely physical basis, without reference to the con- 
stitution, concentration, surface tension, overvoltage, viscosity, 
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dissociation, electrical charge, &c. Inhibitors can be defined at once 
as those substances which by adsorption on iron can form a pro- 
tective film with a resistance of not less than 3 ohms. 

Critical Consideration of Earlier Theories of Inhibitors and 
Explanation of the Mode of Action of Organic Inhibitors in the Acid 
Corrosion of Metals. W.Machu. (Korrosion und Metallschutz, 1937, 
vol. 13, Jan—Feb., pp. 20-33). The author discusses and criticises 
earlier theories of inhibitors in pickling. None of them can explain 
the whole of the phenomena. The obstructive layer theory is 
inadequate, because the protective layer contains more than 50% of 
pores, The deficiencies of the overvoltage theory are revealed by a 
consideration of adsorption experiments with gelatine in weak acid 
and alkaline solutions, the increase of the film resistance due to 
anodic polarisation, and the properties of a number of organic 
compounds. The potential increase at the cathode is not an over- 
voltage but, more likely, is due to protective-film polarisation. The 
changes in the surface tension and. viscosity are too small to explain 
the protective action. The hypothesis of the formation of a complex 
compound from hydrogen ions and particles of the inhibitor is 
incorrect. Finally the author discusses his own theory, namely, 
that the cause of the inhibiting action is the formation of a protective 
film of the inhibitor with a high electrical resistance and the heavy 
reduction of the rate of migration and diffusion in the metal/solution 
interface. 

General Remarks on Pickling before Galvanising. H. Bablik. 
(Korrosion und Metallschutz, 1937, vol. 13, Jan—Feb., pp. 34-40). 
The author discusses the properties and constitution of scale and 
various other factors and phenomena, and their influence on the 
pickling of steel sheet for galvanising. 

Apparatus for Demonstrating the Protective Action of Pickling 
Inhibitors. O. Vogel. (Korrosion und Metallschutz, 1937, vol. 13, 
Jan.—Feb., pp. 40-41). The apparatus consists of a glass vessel with 
optically-worked sides arranged suitably in the light thrown by a 
projector lantern on toa screen. Suitable acids are put in the glass 
vessel and wire specimens are dipped in the liquid. The reactions 
resulting and the influence on them of adding inhibitors can be 
watched by an audience looking at the screen. 

Pickling Experiments with Strip Steel. O. Vogel. (Korrosion 
und Metallschutz, 1937, vol. 13, Jan.—Feb., p.41). The author gives 
a series of photographs, taken at intervals of one day, showing the 
progressive solution of a piece of strip steel in a cold mixture of 
1 part hydrochloric acid and 2 parts water. 
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(Continued from pp. 134 A—-136 4) 


Metal Finishing. H. R. Simonds. (Iron Age, 1937, vol. 139, 
Jan. 7, pp. 635-644; Jan. 14, pp. 37-43, 52). A review of progress 
in electroplating, the use of lacquers and paints, and the rustproofing 
and cleaning of metals. 

Losses from Plating Solutions. G. B. Hogaboom. (Metal 
Cleaning and Finishing: Metal Industry, 1937, vol. 50, Feb. 12, 
pp. 219-222). The author describes a method for determining drag- 
out losses from plating solutions and discusses the effect of certain 
factors on drag-out losses. 

Chemical Colouring of Metals. H. Krause. (Zeitschrift des 
Vereines deutscher Ingenieure, 1937, vol. 81, Jan. 30, pp. 127-131). 
A general discussion of the purpose of the colouring of the surface 
of metals, chemical methods of effecting it, and defects in carrying it 
out. Iron is referred to briefly. 

Heavy Nickel and Chromium Deposition in England. C. F. 
Bonilla. (Electrochemical Society, May 1937, Preprint No. 71-2). 
The equipment and plating practice of the Fescol Company, London, 
for the building up of worn machine parts are described. The 
preparation of the parts by degreasing with trichlorethylene, and 
the subsequent deposition of nickel or chromium are dealt with. 
Brief notes are appended on cadmium, copper and lead plating 
practice. 

Control of Chromium Plating Solutions. A. A. Pearson. 
(Electrodepositors’ Technical Society : Metal Industry, 1937, vol. 
50, Jan. 1, pp. 15-17). The author outlines procedure for the 
periodic analysis of chromium plating baths for their maintenance 
and control. 

Lead Coating of Steel. J. L. Bray. (American Institute of 
Mining and Metallurgical Engineers, 1937, Technical Publication, 
No. 788: Metals Technology, 1937, vol. 4, Feb., No. 1). The lead 
coating of steel by the hot-dip method has not been successful, 
chiefly because of the lack of adherence between the steel and the 
lead. The method considered by the author involves the use of 
zinc as a binding agent between the steel and the lead. This method 
of coating can be carried out successfully if the temperature and 
composition of the bath are held within narrow limits. It is stated 
that the corrosion resistance of such lead-coated sheets is apparently 
superior to that of ordinary galvanised material. 

How to Instal Linings of Stainless-Clad Steel in Tanks and Kettles. 
W. B. Keelor. (Steel, 1937, vol. 100, Feb. 1, pp. 64-65). The 
application of stainless-clad steel to the lining of tanks, vats and soap 
kettles is outlined. 
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Chemically Treated Galvanised Sheets Retain Paint and Resist 
Corrosion. (Steel, 1937, vol. 100, Jan. 18, p. 51). At the plant of 
the American Rolling Mill Co., Middletown, Ohio, galvanised sheets 
are given a phosphate coating to ensure good adherence of paint. 
The sheets so treated are known as “ Paintgrip” sheets. Brief 
particulars are given of the characteristics of the sheets. 

Problems in Electrogalvanising Round Wire. E. H. Lyons, jun. 
(Iron Age, 1936, vol. 138, Nov. 5, pp. 47-49). In the electro- 
galvanising of round wire, the cleaning operation prior to galvanising 
is both important and difficult. The first cleaning process to obtain 
commercial success in America was developed by U. C. Tainton and 
forms a stage of the Bethanizing process. In this process the wire 
is made the cathode in a bath of fused caustic soda and soda ash. 
Several other methods of cleaning are now in use, such as those 
developed by the Meaker Company, and by the Langbein-Pfanhauser 
Works in Germany. The Meaker Company has also developed a 
galvanising solution which is claimed to plate smoothly and efficiently 
at current densities as high as 1500 amp. per sq. ft. without excessive 
acidity. 

The Action of Molten Zinc on Iron and Steel. (Metal Treatment, 
1936, vol. 2, Winter issue, pp. 171-172, 170). The action of molten 
zine on the containers and equipment used in the galvanising in- 
dustry is a frequent source of trouble. The effect of the composition 
of the steel on the degree of corrosion that occurs is dealt with. 
The effect of the molten zinc is promoted by silicon, carbon and 
chromium, is decreased by nickel and is unaffected by sulphur, 
phosphorus and manganese. 

Metal Spraying : Processes and Some Characteristics of the De- 
posits. E.C. Rollason. (Journal of the Institute of Metals, 1937, 
vol. 60). Spraying pistols using wire, powder, and molten metal 
are described, together with comparative details. ‘The nature of the 
sprayed deposit is discussed. A few corrosion tests using inter- 
mittent salt-spray have been made on zinc and aluminium deposits 
and on painted zine coats. Using the three types of pistol, com- 
parative tests on aluminised surfaces have been made and heat- 
treated nickel-chromium-iron coatings were found to have good 
resistance to oxidation at elevated temperatures. Data are also 
given for the porosity, the oxide content of the sprayed copper, and 
the hardness of sprayed metals. 

Protective Metal Coatings by the Wire Spraying Process. H. J. 
Williams. (Journal of the Institution of Production Engineers, 
1937, vol. 16, Feb., pp. 76-83). The author describes the application 
of the metal spraying process to the building up of worn parts. 

Rust Proofing Iron and Steel by Metallizing. “(Iron Age, 1937, 
vol. 139, Feb. 11, pp. 54c—54nH, 82). Particulars are given of the 
equipment and methods in operation at the plant of the Lathrop- 
Paulson Co., Chicago, for the metal spraying of machine parts. 


Electric Enamelling Furnaces. K. IK. Kjolseth. (General 
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Electric Review, Oct., 1936: Génie Civil, 1937, vol. 110, Feb. 20, 
p. 187). The author describes intermittent, continuous, and semi- 
continuous types of electric resistance furnaces for the enamelling of 
steel sheet and cast iron. 

Vitreous Enamelling in Germany. H. J. Karmaus. (Institute 
of Vitreous Enamellers: Foundry Trade Journal, 1937, vol. 46, 
Jan. 7, pp. 11-12). The author outlines the present situation of the 
vitreous enamelling industry in Germany, and describes up-to-date 
enamelling practice. 

Delayed Ground-Coat Blistering. G. H. Spencer-Strong and 
J.J. Theodore. (Journal of the American Ceramic Society, 1936, 
vol. 19, Nov., pp. 328-330). The authors have investigated a 
defect in enamels which they called “‘ delayed ground-coat blister- 
ing.” This form of blistering is not generally apparent in the ground 
coat or in the first cover coat, but it usually makes its appearance 
in the second cover coat in the form of deep broken blisters or 
blow-holes which extend down to the steel. The presence of free 
rosin and the use of very hard water in cleaning appear to be re- 
sponsible for the occurrence of this type of blistering. 

Mechanics of Enamel Adherence : XIII, A Review of the Theo- 
retical Explanations for Formation of Metal Particles in ‘‘ Cobalt ”’ 
Ground Coats and some Pertinent Experiments. R. M. King. 
(Journal of the American Ceramic Society, 1937, vol. 20, Feb., pp. 
53-55). The results of an X-ray analysis of a commercial cobalt 
ground coat shows that iron, FeO, and Fe,0, are present. A photo- 
micrograph indicates the precipitation of iron at the interface. 

Microscopic Studies of Reboiling Phenomena. D.S. Connelly and 
J. O. Lord. (Journal of the American Ceramic Society, 1937, vol. 
20, Jan., pp. 10-16). The authors have carried out a microscopical 
examination of the reboiling phenomena of enamelled sheets and 
describe the apparatus used and the results obtained. 

Rust Inhibiting of Structural Steel Accomplished Soundly, 
Scientifically. (Steel, 1936, vol. 99, Dec. 28, pp. 44-46). Reference 
is made to the Synhibit process developed by Thompson and Co., 
Pittsburgh, for preventing the rusting of structural steel. Loose 
scale on the surface of the steel is removed by wire brushing, the 
tightly adhering scale being left. The brushed surface is then treated 
with an inhibitor which is claimed to dissolve the remaining rust and 
to prevent the formation of rust under the surface of the scale that 
remains. In addition the inhibitor is said to form a surface to 
which paints adhere well and to prevent the formation of galvanic 
electric currents. Inhibitor treatment is followed by the application 
of a zinc-chromate/iron-oxide, synthetic vehicle primer. 
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(Continued from pp. 173 a-182 A) 


Some Measurements in the Yield Point Range in Mild Steel. G. 
Welter. (Metallurgia, 1937, vol. 15, Jan., pp. 77-79). The author 
has investigated the phenomena occurring at the yield point of mild 
steel. (See p. 173 a). 

A Testing Machine for the Generation of Alternating Pull-and- 
Push Stresses. E. Erlinger. (Archiv fiir das Eisenhiittenwesen, 
1937, vol. 10, Jan., pp. 317-320). The principles of the design of 
alternating testing machines and the construction of a 20-ton pull- 
and-push machine are described. The machine is simple, and can 
be used to test not only test-pieces but also individual structural 
parts. It is a resonance machine and therefore susceptible to 
variations in the frequency of the electric current driving it (which 
cause variations in the load applied), so a special control appliance is 
incorporated to equalise these variations ; by this means an accuracy 
of control of + 3 to + 1% canbeobtained, according totheamplitude 
of vibration employed. 

Operation of Alternating Testing Machines in the Range of the 
Natural Vibration of the Specimens. W. Spiith. (Archiv fiir das 
Eisenhiittenwesen, 1937, vol. 10, Jan., pp. 313-315). Alternating 
testing machines in which the specimen is deformed to a fixed extent 
by the positive pull-and-push action of, say, a crank, have the 
advantage over resonance machines with loose coupling that the 
amplitude remains constant. Owing to the heavy stresses on the 
bearings, the testing stress, speed of testing and life of these machines 
have been restricted in the past. Closer investigation of the forces 
(elastic, inertia, frictional, centrifugal) set up during their operation 
shows that by suitable arrangements the total of these forces can be 
reduced to a fraction of the actual testing stress. The results of 
calculation were confirmed in a model, in which the drive bearing 
was mounted elastically so that conclusions as to the magnitude of 
the total forces momentarily in action during operation could be 
drawn from the movement of this spring. By the application of this 
mode of driving to the construction of fatigue testing machines with 
positive coupling, the previous restricted limits of testing stress, 
speed of testing and life will be considerably extended. 

Fatigue Strength of Pinion Shafts. E. Lehr. (Zeitschrift des 
Vereines deutscher Ingenieure, 1937, vol. 81, Jan.*30, pp. 117-118). 
The author has carried out endurance bending tests on full-size 
pinion shafts to determine which of two forms of transition from the 
toothed section to the plain barrel would give the better endurance 
for the pinion shaft. The alternating bend strength of the material 
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was determined on small test-pieces and this is correlated with the 
endurance values found for the pinion shafts. 

Fatigue-Strength Diagrams of Notched and Cold-Worked Steels 
and of 1-in. and 1}-in. Screws for Various Tensile Mean Stresses. A. 
Pomp and M. Hempel. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1936, vol. 18, No. 14, pp. 205-215). 
After describing the construction and operation of a 60-ton pulsator 
machine for endurance tests under alternating tensile and com- 
pressive stresses, the authors explain the determination of the 
limiting-stress curves of fatigue-strength diagrams. Experiments 
with various tensile mean stresses were carried out on smooth and 
polished, on notched and on 10% cold-worked round bar specimens 
of two carbon steels and a hard manganese steel. Regarding the 
carbon steels it was found that the limiting-stress curves for smooth 
undeformed and for 10° cold-worked solid bars followed a practically 
parallel course, showing a slight reduction of the stress ranges at 
increasing mean stresses. The fatigue tests on 10% cold-worked 
bars could be carried out at much higher mean stresses, which were 
about 100°% higher than those of the unworked bars. With zero 
mean stress the notch effect was greater in the heat-treated than in 
the untreated carbon steel, but at higher mean stresses the relation 
was reversed. Comparison of the values for the stress ranges for 
solid and notched bars showed plainly the dependence of the notched- 
bar fatigue strength on the mean stress. The limiting-stress curves 
for notched and 10%, cold-worked bars of the hard manganese steel 
indicated that the influence of these conditions on the stress range at 
various mean stresses was slight. The fatigue-strength diagrams for 
l-in. and 1}-in. screws, made of German standard steels St.37 and 
St.C.45.61 (heat-treated) are dealt with; it was found that the 
alternating stresses that could be withstood were largely independent 
of the mean stress, The maximum stress ranges for various mean 
stresses were low in comparison with solid bars, and amounted to 
only + 3 to + 4 kg. per sq. mm. 

Influence of the Stress Condition due to Shape on the Alternating 
Bend Strength. W. Kuntze. (Archiv fiir das Eisenhiittenwesen, 
1937, vol. 10, Feb., pp. 369-373). It is well known that fatigue 
values determined on elementary test-pieces cannot be applied 
immediately in the calculation of the strength of structures; the 
fatigue behaviour is markedly dependent on the conditions of 
adaptation, and very little information on this aspect in regard to 
structural parts is available. For strength calculations it is im- 
portant to know the magnitude and distribution of multidimensional 
stress. First, to determine the spatial action of stress, for test- 
pieces the ratio of the stresses at right angles to and parallel to the 
load axis is used; it is determined by measuring the transverse 
elongation, and, according to theory, is the same for all steels for a 
given shape of notch. Actually this is true only for uniform stress 
distribution, but it can be applied approximately to the case of non- 
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uniformly stressed structures, provided that the distribution is 
known. On the basis of measurements made on notched flat bars 
of steel, the “ notch-profile index,” which can be calculated from the 
notch area and the specimen size, is used to represent the stress 
distribution set up by notches. In the scales for the transverse 
elongation and the profile index the bending fatigue values given in a 
paper by Kuntze and Lubimoff (“ Bericht iiber die Tagung des 
Fachausschusses fiir Maschinenelemente in Aachen, 1935,” p. 29) 
were applied; this gave the remarkable result that the spatial 
tensile stresses played a much greater part than the stress peaks in 
the diminution of the fatigue stress. This method of indicating the 
magnitude and non-uniformity of spatial stresses points to a way of 
applying the relationships found in small specimens to large struc- 
tures. It is necessary, however, that these relationships be investi- 
gated further, for which purpose laboratory tests on elementary 
bodies are essential and completely satisfactory, for structures and 
elementary specimens follow, ultimately, the same laws of matter. 

The Fatigue Limit of Special Steels in Reinforced-Concrete Struc- 
tures. H. Lossier. (Génie Civil, 1937, vol. 110, Feb. 20, pp. 187- 
188). In the first article of the circular of the French Ministry of 
Public Works dated July 19, 1934, it is stated that when reinforce- 
ment of a quality. superior to that of mild steel or of special steel is 
used, the permissible load can be fixed, in general, at one-half of the 
elastic limit, provided that this figure does not exceed one-third of 
the breaking strength. Certain types of reinforcement, of which the 
properties are raised artificially by drawing, torsion or other means, 
have sometimes an apparent elastic limit sensibly greater than two- 
thirds of the breaking load; further, their special form tends to 
increase the resistance to slip within their covering of concrete and 
to reduce the opening-up of fissures by multiplying the number of 
the latter. The author poses the question whether the use of such 
reinforcements, with their advantages, should be rejected because 
of a regulation concerned only with the quality of the metal when 
tested separately. He discusses the matter briefly anc concludes 
that this restrictive clause should be retained in its entirety only in 
the absence of direct affirmative test results obtained on comparable 
elements of reinforced concrete. 

Regular Dependence of the Alternating Bending Fatigue Strength 
on the Size of the Specimen and the Shape of the Notch. W. Kuntze 
and W. Lubimoff. (Archiv fiir das Eisenhiittenwesen, 1937, vol. 10, 
Jan., pp. 307-311). On the basis of previous investigations of the 
influence of the dimensions of the specimen and notch on the 
alternating bending fatigue strength, the opinion has been often 
expressed that there is no regularity in the results by which the 
fatigue strength for selected specimen sizes can be calculated from 
results obtained with test-pieces of given dimensions. If, however, 
the fatigue test results are arranged according to factors character- 
istic of the notch depth and sharpness, then a regularity becomes 
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apparent which may be expressed as follows: Series of bodies of 
different shapes, which have the same fatigue strength when made 
of the same material, retain amongst themselves the same relative 
fatigue strength (though of different magnitude) when their dimen- 
sions are increased proportionately. The factors used are (D — d)/D 
for the notch depth and d/p for the notch sharpness, where D is the 
diameter of the bar, d the diameter at the root of the notch, and p 
the radius of the root of the notch. In this way it is possible to 
predict the fatigue strength of a structural part with sufficient 
accuracy from the results of a series of tests on suitable bars of 
constant diameter but with notches of different shapes. 

Distortion of Grains by Fatigue and Static Stressing. C. S. 
Barrett. (Metals and Alloys, 1937, vol. 8, Jan., pp. 13-21). It was 
concluded from X-ray photograms published in a previous paper 
(American Society for Metals, 1936, Oct., Preprint No. 38: this 
Journal, p. 78 A) that considerable plastic flow can occur by fatigue 
stressing in the safe range of stresses under the endurance limit. 
This is now confirmed by a further series of X-ray photograms made 
with a different type of camera in which the specimen and film are 
oscillated in synchronism. It is contrary to the conclusions of 
Gough and Wood, but is in accord with the results of other methods 
that detect plastic flow during fatigue stressing. Charts are pre- 
sented by which films of the oscillating type may be interpreted in 
terms of the range of orientation of portions of a grain. The 
photograms indicate that the lattice of a polycrystalline grain is 
progressively distorted into wider ranges of orientation when it is 
subjected to increasing elongation in tension or increasing stress 
amplitude in fatigue, and that the diffraction lines simultaneously 
become wider. 

Precipitation-Hardening and Double-Ageing. KR. H. Harrington. 
(American Institute of Mining and Metallurgical Engineers, 1936, 
Technical Publication No. 759: Metals Technology, 1936, vol. 3, 
Dec.). The distinction between the terms “ precipitation-harden- 
ing” and ‘ double-ageing ” is defined. Precipitation-hardening is 
exemplified by an alloy with 97% of copper, 2-6% of cobalt and 
0-4% of beryllium. Two types of double-ageing are illustrated by 
a standard high-speed steel and by an alloy with 99-5% of copper, 
0-4% of chromium and 0-1% of beryilium. 

Some Problems of the Ferromagnetic Behaviour of Single Crystals 
of Iron and Nickel. H. Schlechtweg. (Technische Mitteilungen 
Krupp, 1937, vol. 5, Feb., pp. 1-8). After touching on the import- 
ance to industry of the investigation of the properties of single 
crystals, the author reviews knowledge recently obtained on the 
phenomena of ferromagnetism. He points out that the ferro- 
magnetic single crystal is divided into individual regions which, up to 
saturation, are magnetised in one of the possible directions of easiest 
magnetisability ; these directions are the cube edges in iron, and the 
body diagonals of the crystal lattice in the case of nickel. Then 








238 A PROPERTIES AND TESTS. 


follows a discussion of the magnetising process in weak and medium 
fields ; in essentials, the most favourably magnetised regions relative 
to the direction of the field absorb the other regions. In high- 
intensity fields, as the field strength increases the direction of 
magnetisation becomes turned away from the direction of most easy 
magnetisation in the field direction. The magnetisation curves 
obtainable for the various crystallographic directions are discussed 
on the basis of the energy applied. As the magnetisation in single 
crystals is not parallel to the field but deviates from it by a certain 
angle, it is shown how, by means of a circular disc of single-crystal 
material hung in a rotating field, the component of the magnetisation 
perpendicular to the field can be determined through the medium of 
the torsional moment applied to it when it is attached to a torsion 
wire; as the field strength increases, the torsional moment tends 
towards a limiting value. Some clear relations between these limiting 
values for such single-crystal discs which contain a cube edge in their 
plane are indicated. Although attempts have been made to cal- 
culate the magnetic behaviour of polycrystalline materials from that 
of single crystals, this connection is not dealt with by the author, 
because the theory in its present form takes no account of the fact 
that the behaviour in practice is often disturbed, owing to the usually 
more or less well-developed fibrous texture of the material, resulting 
from the often very different treatment to which it has been sub- 
mitted. 

Influence of Salt Melts in the Creep Test. W. Schneider and K. 
Linden. (Archiv fiir das EKisenhiittenwesen, 1937, vol. 10, Feb., 
pp. 853-358). The authors have carried out tests to seek an 
explanation of the wide scattering of the results which occurs when 
creep tests are made in salt-bath furnaces. It was demonstrated 
that at the end of the creep test at certain temperatures and with 
certain steels, embrittlement of the metal set in. This embrittle- 
ment was caused by the absorption of nitrogen by the steel in the 
salt bath during the test. This nitriding has a marked effect on the 
time/extension curves and hence on the measured rate of extension 
and permanent elongation. Owing to the nitriding, a precipitation 
of very finely divided nitrides occurs, which gives rise to an apparent 
increase in the creep strength. With steels containing rather more 
alloy element, intercrystalline corrosion was observed at 500° and 
550° C., which, contrary to nitriding, produced an apparent reduction 
of the creep strength. With medium- and high-alloy steels, the 
effect was not detected. 

Influence of the Time of Preheating and Prior Loading on the 
Result of the Creep Test. RR. Mailinder and W. Ruttmann. (Archiv 
fiir das Kisenhiittenwesen, 1937, vol. 10, Feb., pp.°359-365). Creep 
tests on plain and alloy steels at various temperatures and with 
different periods of preheating and prior loading showed that 
prolonging the preliminary treatment decreased the rate of extension 
and so increased the creep strength recorded. The decrease in the 
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rate of extension is not to be attributed to work-hardening resulting 
from deformation, particularly in the case of creep tests with the 
low prior loads applied for short periods as prescribed by the Verein 
deutscher Eisenhiittenleute. In the flatter time/extension curves 
obtained with longer preliminary treatment, the effect of the salt 
baths used in creep tests plays a not negligible part, particularly 
with plain steels and at 500°C. With steels containing more than 
1% of alloy element, the creep strength determined in air at 500° C. 
differed in one case by more than 6% from the value obtained in a 
salt bath, whilst with lower-alloy and plain steels the deviations 
varied from — 40 to + 80%. Variations were also observed in the 
results obtained in a salt bath by the old and a new method of testing. 
Except for a molybdenum cast steel at 500° and one or two other 
high-alloy steels at 500° and 550° C., in all the plain and low-alloy 
steels, when tested in the salt bath, prolongation of the preliminary 
treatment not only caused increased creep strength but also brittle- 
ness and nitrogen absorption. 

Comparative Investigations on Heat-Resisting Materials at High 
Temperatures. F. Koérber and A. Pomp. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 18, 
pp. 247-251). The authors carried out their tests on ten alloys, 
nine of them being various types of alloy steels and the other a 
nickel-chromium alloy with about 15$°% of iron. The yield point 
at 600° C., the tensile strength at temperatures ranging from 600° 
to 900° C. (tests lasting 20 min.), and the impact hardness at 600- 
900° were determined; further, some of the specimens were sub- 
jected to creep tests at 700° in which the extension occurring under a 
load of 1 kg. per sq. mm. in an interval of 250 hr. was measured. 
The results are presented in tables and graphs. 

Fine-Grained Structural Steels for Low-Temperature Pressure- 
Vessel Service. A. B. Kinzel, W. Crafts and J.J. Egan. (American 
Institute of Mining and Metallurgical Engineers, 1937, Technical 
Publication No. 800; Metals Technology, 1937, vol. 4, Jan., No. 1). 
The authors discuss the general behaviour of steel under low- 
temperature impact testing and present the results of a study of the 
effect of grain-refining deoxidisers and of the effects of welding on 
the low-temperature notched-bar impact property of steel, with 
special reference to low-alloy chromium-copper steel. Aluminium, 
vanadium, zirconium and niobium when added to plain carbon or 
low-alloy steels in sufficient amount to produce grain refinement 
effect an improvement in the impact strength at low temperatures. 
Results of experiments show that aluminium substantially increases 
the impact strength of carbon steels and low-alloy chromium-copper 
steels at low temperatures. Welds produced with carbon and low- 
alloy electrodes having combustible or mineral coatings show suffi- 
cient energy absorption on low-temperature notched-bar impact 
testing to indicate their suitability for engineering service at tem- 
peratures down to —80°C. It is concluded that engineering 
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structures such as pressure vessels can be produced with appropriate 
plain carbon and low-alloy aluminium-killed steels so as to be 
considered safe for service at the low temperatures commonly en- 
countered in the petroleum and chemical industries. 

Is Cast Iron a Brittle Material? G. Meyersberg. (Giesserei, 
1937, vol. 24, Jan. 15, pp. 28-31). After discussing definitions of the 
terms “brittle” and “‘ tough,” the author presents a comparison of 
steel and iron on the one hand with two really brittle materials 
(glass and porcelain) on the other. Cast iron has only one property 
in common with the brittle substances, namely, the brittle fracture 
under static stress; even in this respect there is a difference, in 
that brittle material do not undergo plastic deformation, Cast 
iron, therefore, should not be classed among the brittle materials. 

The Influence of Wall Thickness on the Mechanical Properties of 
Iron. H.Jungbluth. (Giesserei, 1937, vol. 24, Jan. 29, pp. 49-59 : 
Foundry Trade Journal, 1936, vol. 55, July 9, pp. 21-24; July 
16, pp. 45-47). (See Journ. I. and §.I., 1936, No. II., p. 132 4). 

Influence of Elements on Cast Iron. E. A. Peace. (Institute of 
British Foundrymen: Foundry Trade Journal, 1937, vol. 56, Feb. 
18, pp. 159-160). The influence of various elements on the properties 
of cast iron are summarised. 

Progress in Cast Iron. L. W. Bolton. (Metallurgia, 1937, vol. 
15, Jan., pp. 69-70). A brief review of developments in the improve- 
ment of the properties of high-duty cast iron. 

Correlating Properties with Service Requirements. R. C. Heas- 
lett. (Pittsburgh Foundrymen’s Association : Foundry, 1936, vol. 
64, Dec., pp. 26-27, 71-72; 1937, vol. 65, Jan., pp. 28-29, 81-82). 
The author discusses the improvement in properties of iron and steel 
castings brought about by the addition of alloying elements and heat 
treatment. 

Recent Tendencies in the Study of the Mechanical Properties of 
Metals and Alloys. L. Guillet, jun. (Mémoires de la Société des 
Ingénieurs Civils de France, 1936, vol. 89, Sept.—-Oct., pp. 647-658). 
(See p. 137). 

Modification of Steel Analysis. W.J. Priestley. (Blast Furnace 
and Steel Plant, 1937, vol. 25, Jan., pp. 104-105). The author refers 
to the addition of niobium to chromium steels for the prevention of 
intergranular corrosion and the addition of nitrogen for the improve- 
ment of the grain structure. 

Heat-Resisting Chromium-Manganese Steels. M. Schmidt and 
H. Legat. (Archiv fiir das Eisenhiittenwesen, 1937, vol. 10, Jan., 
pp. 297-303). In order to discover the most suitable alloy range for 
chromium-manganese steels for heat-resistant structures, steels with 
less than 0-2°%, of carbon, manganese up to 35%-and chromium up 
to 30% were examined. The Brinell hardness and notch toughness 
at room temperature after annealing at temperatures up to 850° C., 
and the mechanical properties at temperatures up to 900° C. were 
determined. The stable range of the phases present in the structure 
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in the iron corner of the iron-chromium-manganese constitutional 
diagram was determined by observing the structures of the steels 
after water-quenching from 1100° and after annealing at 700° C. 
The most suitable compositions for heat-resistant steels were 
indicated by scaling tests at temperatures up to 950° C. 

Heat-Resisting Steels for the Glass Industry. R. J. Sarjant and 
T. H. Middleham. (Journal of the Society of Glass Technology, 
1936, vol. 20, Dec., pp. 685-716). The properties required in heat- 
resisting materials for medium- and high-temperature operations are 
reviewed, with reference to the following : Composition, thermal 
conductivity, changes occurring on heating, microstructure, strength 
at high temperatures, resistance to scaling, the effects of repeated 
heating and cooling, and the bearing of structural changes. An 
account is given of the performance of heat-resisting alloys in service. 
New experimental methods of investigation are described relating to 
resistance to the effects of repeated heating and cooling, and the 
attack by molten glass on materials suitable for the tools and 
equipment used. 

Metallurgical Problems Arising Out of the Construction of 
Hydrogenation Tubes and Cracking Chambers. ©. Berthelot. 
(Revue de Métallurgie, Mémoires, 1936, vol. 33, Sept., pp. 566-573 ; 
Oct., pp. 619-626; Nov., pp. 677-690; Dec., pp. 727-746). After 
indicating the magnitude of the applications of the cracking of 
petroleum and of hydrogenation, the author reviews the dimensions 
and materials used in the construction of cracking chambers and 
hydrogenation tubes, the temperatures and pressures to which they 
are subjected, and the nature of the gases employed in them. He 
then goes on to give a general account of the metallurgical problems 
introduced by the construction of hydrogenation tubes, in particular 
the action of hydrogen and of sulphuretted hydrogen. He next 
points out the differences between hydrogenation tubes used at high 
temperatures and those used in the cold, and then indicates the 
metallurgical and mechanical properties required in the metal of 
which the heat exchangers, used in conjunction with high-tempera- 
ture hydrogenation tubes, are made. In the next section the author 
reviews researches carried out by the Fuel Research Board on the 
most suitable metallic alloys for the construction of hydrogenation 
tubes and their accessories, and then follows with notes on the 
structure of the steels recommended for the construction of hydro- 
genation tubes, cracking chambers and their fittings. In the final 
instalment the construction of cracking chambers, including the 
shaping and heat treatment of the metal, and the design of hydro- 
genation tubes, their dimensions, forging and arrangement, are 
discussed. 

Exhaust Valve Steels for Internal Combustion Engines. (Nickel 
Bulletin, 1937, vol. 10, Feb., pp. 27-31). Developments in the use 
of steel for exhaust valves for internal combustion engines are 
discussed and details are given of the chemical composition, heat 
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treatment and mechanical properties of a series of valve steels. The 
austenitic nickel-chromium type of heat-resisting steel at present 
represents the best available steel and further developments in the 
efforts to obtain an improved performance from the use of such steel 
valves have taken the form of utilising internal cooling, and facing 
the valve seat with a hard material. The procedure for filling valves 
with sodium is outlined. 

Castings in Nickel Alloy Steel. (Mond Nickel Co., Ltd., Bureau of 
Information on Nickel, 1937, No. A-31). The applications and 
properties of nickel steel castings are discussed. Brief particulars 
are also included of melting and foundry practice, and heat treatment. 

Application of Nickel Alloys to Water Power Plants. S. Uchi- 
maru. (Japan Nickel Review, 1937, vol. 5, Jan., pp. 4-27). 
Examples are given of the application of various types of nickel 
alloys and nickel steels to the construction of water power machinery 
such as turbine casings, Pelton wheel buckets, shafts and bolts, and 
valves. 

Nickel Alloys in Steam Power Plants. S. Niwa. (Japan Nickel 
Review, 1937, vol. 5, Jan., pp. 28-66). The author describes the 
characteristics of nickel alloys and nickel steels used in steam power 
plant machinery. 

Application of Nickel Alloys in Generators. H.Notomi. (Japan 
Nickel Review, 1937, vol. 5, Jan., pp. 67-75). Japanese practice in 
the use of nickel alloys for the construction of generators is dealt with. 

Aluminium Alloys vs. Stainless Steels for Aircraft. (Metal Pro- 
gress, 1937, vol. 31, Jan., pp. 46-52). A discussion of the relative 
advantages of the use of aluminium alloys and stainless steels for 
aircraft construction in America. 

Nickel Chilled Rolls and Some of Their Applications. H. V. 
Beasley. (Iron and Steel Engineer, 1937, vol. 14, Jan., pp. 37-44). 
The author discusses the composition, properties and structure of 
chilled rolls of chromium-nickel cast iron, and indicates some of 
their applications. 

Chilled Iron Rolls, Some Chemical and Physical Properties. A. 
Allison. (Journal of the West of Scotland Iron and Steel Institute, 
1936, vol. 44, Nov., pp. 23-32). The author discusses the properties 
of chilled iron rolls, with particular reference to the influence of 
elements and other factors on the depth of chill and the use of 
chromium, nickel and molybdenum in cast iron for rolls. 

The Present Trend in Alloy Constructional Steels. J. A. Jones. 
(Midland Metallurgical Societies: Iron and Steel Industry, 1936, 
vol. 10, Dec., pp. 194-201; 1937, vol. 10, Jan., pp. 236-238). The 
author discusses the influence of alloy elements in reducing the 
effect of mass, the effect of additions of alloy elements on the 
mechanical properties of 0:4°% carbon steels, and the characteristics 
of chromium-molybdenum steels. 

Heat Treated Alloy Steel—The Lightest Material of Construction. 
H.C. Knerr. (Metal Progress, 1937, vol. 31, Jan., pp. 37-41). The 
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author discusses the strength/weight efficiency of various metals and 
alloys, and points out the advantages of the use of heat-treated alloy 
steels for constructional purposes where a saving in weight together 
with high strength is essential. 

Nickel-Copper High-Strength Steels Meet Specifications of Welded 
Construction. A. E. Gibson. (Steel, 1937, vol. 100, Jan. 25, pp. 
34-39). The author describes the properties and structures of 
several types of nickel-copper steels. These steels exhibit good 
atmospheric corrosion resistance and can be satisfactorily hardened 
by quenching or flame-hardening. The tendency to air-hardening 
is slight and their high impact values recommend them for service 
where shock is encountered. They are easily welded with either 
low-carbon or alloyed electrodes. 

Load-Deflection Characteristics of Special Springs. J. W. 
Rockefeller, jun. (Wire and Wire Products, 1937, vol. 12, Feb., 
pp. 75-78). The author discusses the factors entering into spring 
design to meet special load-deflection characteristics, and describes 
the Belleville spring, which is designed to give a wide variety of load- 
deflection characteristics not readily obtainable with the more 
conventional forms of springs. 

Characteristics and Uses of Stainless Steel Wire. L. Sanderson. 
(Wire Industry, 1937, vol. 4, Jan., pp. 31-32). The author discusses 
briefly the properties and applications of stainless steel wire. 

Carbonyl Steels. (Metallurgist, 1937, Feb., pp. 5-6). An English 
summary of the paper by Offermann, Buchholtz and Schultz on the 
production and properties of steel made from carbonyl iron. The 
original article appeared in Stahl und Eisen 1936, vol. 56, Sept. 17, 
pp. 1132-1138 (see Journ. I. and 8.1., 1936, No. II., p. 264). 
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The Small Camera in Engineering. W. Anders. (Giesserei, 1937, 
vol. 24, Feb. 12, pp. 80-83). The author describes how photographs 
of objects of all kinds (drawings, documents, machine parts, &c.) can 
be taken with small hand cameras, and the various auxiliary appar- 
atus available to-day to assist the photographer. The hand camera 
can be combined with the microscope, and satisfactory photo- 
micrographs can be made. 

A Transparent Mounting for Microsections. E. A. Erdman. 
(Metals and Alloys, 1937, vol. 8, Jan., p. 27). Methyl methacrylate 
under the trade name of “ Pontalite ”’ has been found satisfactory 
for the mounting of small metallurgical specimens. Originally in the 
form of powdered resin it becomes, under temperature and pressure, 
as transparent as glass. It is tough, hard and resistant to the action 
of etching reagents, and adheres excellently to the specimen. The 
mounting procedure is similar to that for bakelite. 

Microscopy with Ultra-Violet Light. A Simplification of Method. 
J. E. Barnard and F. V. Welch. (Journal of the Royal Micro- 
scopical Society, 1936, vol. 56, Dec., pp. 365-371). Particulars are 
given of an improved form of microscope for use with ultra-violet 
light, in which the source of light is a mercury vapour discharge 
tube. 

The Importance of the Microscope for the Investigation of the 
Structure of Metals. W. Koster. (Metallwirtschaft, 1937, vol. 16, 
Feb. 5, pp. 129-137). The author’s purpose is to demonstrate the 
importance of microscopic examination in the construction of 
constitutional diagrams. His first series of examples, illustrated by 
micrographs of Al-Mg-Zn alloys, is concerned with the equilibrium 
structures occurring in melts, whilst the second series deals with 
structures formed as a result of transformations in the solid state, 
and is illustrated by micrographs of iron alloys. 

Metallography of Rustless Steels. Van den Bosch and Vialle. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Nov., pp. 654-664; Dec., pp. 721-726). The authors 
point out that the etching reagents used for ordinary and low-alloy 
steels are useless for rustless steels, for which special reagents must 
be used. In this paper they draw attention to several reagents 
which are not in general use and give interesting examples of their 
application. The reagents used are: (a) Kalling’s reagent and a 
ferric chloride solution, used for macrographic work, and (6) Honda’s 
reagent and oxalic acid electrolytic etching method of the U.S. 
Bureau of Standards, used in micrography. The latter method, 
intended for the examination of intergranular changes in 18/8 steels, 
is compared with the perchlorate solution used for the same purpose 
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in the laboratories of the Aciéries de la Marine at Saint-Chamond. 
Numerous macro- and micro-graphs, illustrating the structures of 
various rustless steels in various conditions, accompany the paper. 

The Sperry Method for the Detection of Internal Defects in Rails. 
N. Metchersky. (Revue de Métallurgie, Mémoires, 1936, vol. 33, 
Dec., pp. 747-755). The principles of the Sperry system of detecting 
defects in rails, and the travelling apparatus for examining rails in 
the track are described. Some examples of rail fractures are 
reproduced and discussed. 

Electromagnetic Method for the Quantitative Determination of 
Wire Fractures in Steel Cables. A. Darré and R. Wellenstein. 
(Zeitschrift des Vereines deutscher Ingenieure, 1937, vol. 81, Jan. 
30, pp. 134-135). The authors describe a method of determining the 
number and magnitude of fissures in the wires composing a steel 
cable, in which the change in the magnetic properties is used to give 
a quantitative indication of the severity of the fissuring. 

The Magnaflux Inspection of Pressure Vessel Welds. J. W. Yant. 
(Welding Journal, 1937, vol. 16, Jan., pp. 5-7). The author describes 
procedure for the magnetic testing of welds by the Magnaflux method. 

The Spatial Arrangement of Graphite in Cast Iron. P. Schaf- 
meister. (Technische Mitteilungen Krupp, 1937, vol. 5, Feb., pp. 
17-19). (See p. 82). 

Variants Influencing Austenite Grain Size as Determined by 
Standard Methods. R. Schempp and C. L. Shapiro. (American 
Institute of Mining and Metallurgical Engineers, 1937, Technical 
Publication No. 765: Metals Technology, 1937, vol. 4, Jan., No. 1). 
The authors describe the variants which may influence the austenitic 
grain size rating of steel by the more common laboratory methods now 
in use. After a brief outline of the various methods of grain size 
testing, especially the McQuaid-Ehn test procedure, the authors 
describe work carried out on carbon tool steel, and show the variables 
that may markedly influence the final austenitic grain size rating, 
especially after the McQuaid-Ehn treatment. The prior structural 
condition of the material, which in turn is dependent upon the heat 
treatment, the amount of hot or cold mechanical deformation, and 
the inherent characteristics of the melt, is really the determining 
factor for the ultimate austenitic grain size rating. 

The Process and Result of Austenite Transformation at Constant 
Temperature. (Metals and Alloys, 1937, vol. 8, Jan., pp. 22-24). 
For a steel of eutectoid composition there is a characteristic equili- 
brium temperature (the so-called Ae, point in pure iron-carbon 
alloys) above which the steel will remain for an indefinite time in the 
austenitic state, and below which the austenite is unstable and tends 
to transform. When a steel, previously rendered austenitic, is held 
at a constant temperature below this limiting temperature, the 
transformation is not instantaneous but requires for its onset and 
completion definite periods which are characteristic, for a given steel, 
of the temperature level at which the steel is being held. The trans- 
formation is clearly pictured by means of a temperature-time diagram 
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with a logarithmic time scale, constructed at the Research Laboratory 
of the United States Steel Corporation. The diagram includes a 
number of micrographs, showing the structure of the products of the 
transformation at various temperatures. Three time zones are 
shown : (1) that in which the austenite, though unstable, persists as it 
has not yet begun to transform ; (2) that in which the transformation 
proceeds, at constant temperature, to completion; and (3) that in 
which the transformation is complete, and the structure and pro- 
perties of the treated steel are definitely set. The position of the curve 
on the time scale depends upon the composition of the steel. Any 
alloying element, including carbon, which can be put in solution in 
austenite delays the onset of the transformation and retards its pro- 
gress. The occurrence of the transformation is also influenced by 
the austenite grain size; other things being equal, larger grain size 
always retards the process. This type of diagram serves to clarify 
the interpretation and correlation of data relating to the heat treat- 
ment characteristics of steel. 

The Course of the Transformations in the Irreversible Iron-Nickel 
Alloys. IF. Wever and H. Lange. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 15, pp. 217- 
225). The transformation processes in the irreversible iron-nickel 
alloys were followed magnetically. At the y—« transformation there 
is no change in the nickel content of the phases concerned in the 
transformation; on the contrary, the ay change takes place with 
concentration changes, which can be represented by two transforma- 
tion lines in a diagram of the heterogeneous equilibrium type. This 
feature corresponding to these lines occurs only at constant or very 
slowly rising temperature, and the return phenomenon does not set 
in during equally slow cooling. The concentration change at the 
a—~y transformation was confirmed in a 24-9% nickel alloy by X-rays. 
On heating this alloy in the heterogeneous range, a face-centred type 
of crystal was formed with larger lattice constants; their magnitude 
did not agree with Vegard’s law. 

Experiments with an Iron-Nickel Alloy on the Deformability during 
the y-« Transformation. G. Wassermann. (Archiv fiir das Eisen- 
hiittenwesen, 1937, vol. 10, Jan., pp. 321-325). The author de- 
scribes experiments made on an iron-nickel alloy containing 30% 
of nickel. If the y—« transformation brought about by cooling below 
room temperature takes place while the specimen is under load, 
permanent deformations occurmomentarily which depend on the load 
applied and can be quite considerable. Bending and torsion tests 
show that this increased deformability (Platzwechselverformbarkeit, 
lattice-change deformability) itself can transform complicated 
elastic deformations into permanent deformations. In tensile tests 
on hard wires and hard and soft sheets the relation between the 
transformation elongation and the load was determined; it is 
represented in stress-elongation curves. Similar tests were made on 
single-crystal sheets of cubic texture with the cube axis in different 
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positions relative to the direction of stressing; elongations up to 
18% were observed. The tests show that elongations occur at the 
transformation even below the usual yield point of the material; the 
deformability at the moment of transformation causes a reduction of 
the resistance to change of shape. Cold-work reduces the trans- 
formation elongation corresponding to a given load. The elongation 
at transformation of single-crystal specimens depends not only on 
the stress but also on the crystallographic orientation. In specimens 
of which the longitudinal axis lay parallel to the cube axis a transi- 
tory reduction of the transformation elongation was observed, which 
is attributed to the load applied having exceeded the elastic limit. 
It is concluded that the elongation at transformation occurs through 
a crystallographic process. 

Contribution to the Knowledge of the Iron Corner of the Iron- 
Vanadium-Carbon Ternary System. IF. Wever, A. Rose and H. 
Eggers. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisen- 
forschung, 1936, vol. 18, No. 17, pp. 239-246). Two three-dimen- 
sional diagrams of the iron-vanadium-carbon system are presented 
and the basic possibilities of the spatial arrangements are discussed. 
A comparison of the pertinent literature on vanadium steels shows 
how far opinions on the equilibria in the iron corner of the Fe-V-C 
space diagram differ from one another. The authors’ investigation 
was carried out by thermo-analytical and micrographic means, and 
their results are presented in a table and diagrams. It is shown that 
in hypo-eutectoid steels pure vanadium-austenite can exist at the 
higher temperatures, The four-phase plane « + y + V,C, + Fe,C 
lies at the temperature of the pearlite line. 

The Alloys of Iron and Zinc. W.D. Jones. (Metallurgist, 1937, 
Feb., pp. 3-5). A review of the work of previous investigators on 
the iron-zine diagram and on the attack of molten zine on steel. 

The Arrangement of the Chemical Section of the Kaiser-Wilhelm- 
Institut fir Eisenforschung, G. Thanheiser. (Archiv fiir das 
Kisenhiittenwesen, 1937, vol. 10, Feb., pp. 337-343). A plan of the 
Chemical Section of the Kaiser-Wilhelm-Institut fiir Eisenforschung, 
in Diisseldorf, is given and thearrangement of the various laboratories 
and other rooms is described in general and in detail. 

The New Buildings of the Kaiser-Wilhelm-Institut fir Eisen- 
forschung. F. Kérber. (Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1936, vol. 18, No, 19, pp. 253-313). 
(See p, 149). 

A Furnace for Treating Iron in Hydrogen at High Temperatures. 
M. Gensamer and V. E. Thornburg. (Metals and Alloys, 1937, vol. 
8, Jan., pp. 11-12). The preparation of iron of high purity usually 
involves treatment of the iron in hydrogen at a high temperature to 
remove various elements present as impurities, notably carbon, 
oxygen and nitrogen. The authors describe and illustrate the con- 
structional arrangements of a furnace for this purpose and present 
some results, 
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The Annual Loss by the Rusting of Steel in Germany. K. Daeves 
and K. Trapp. (Stahl und Eisen, 1937, vol. 57, Feb. 18, pp. 169- 
171). The authors discuss the loss caused annually in Germany by 
the rusting of iron and steel. Taking account of the applications to 
which the materials are put and the fact that innumerable steel parts 
are protected by paint or are under cover, also that in most cases 
rusting causes only a loss in scrap value, the authors arrive at a 
direct annual loss by rusting of about 125,000 tons at the utmost, 
or a loss of value of about 8 million reichsmarks. 

Laboratory Corrosion Tests of Welded Low-Carbon Stainless Steel. 
G. A. Ellinger and L. C. Bibber. (Journal of Research of the 
National Bureau of Standards, 1937, vol. 18, Jan., 69-82). Welded 
specimens of low-carbon stainless steel (less than 0-06°% of carbon) 
were exposed to the corrosion attack of three different solutions. 
Results of these tests were as follows : In a copper-sulphate/sulphuric- 
acid solution, intergranular corrosion did not occur in either plate or 
weld metal regardless of the heat treatment. In boiling nitric acid, 
intergranular corrosion occurred only in certain heat-treated plates 
of low-carbon stainless steel. Intergranular corrosion did not occur 
in welded metal, with or without heat treatment. In hydrochloric 
acid of high concentration, the corrosion rate of plate metal was not 
affected by heat treatment, but the corrosion rate of weld metal was 
considerably decreased by heat treatment at high temperatures. 
Intergranular corrosion was not observed in any specimen exposed 
to this reagent. These results can be explained on the basis of 
selective attack by the corrosive agents on certain constituents of 
the steel samples. 

Oxide Films on Iron. R. F. Mehl and E. L. McCandless. 
(American Institute of Mining and Metallurgical Engineers, 1937, 
Technical Publication No. 780: Metals Technology, 1937, vol. 4, 
Jan., No. 1). The orientation relationships obtaining between 
a-iron and the phase FeO formed upon it by direct oxidation, 
and between Fe,0, and FeO formed upon it by direct reduction 
have been determined. These relationships provide a simple atomic- 
crystallographic picture of the mechanism of oxidation. The factors 
determining these orientation relationships are discussed. The 
orientation relationships obtaining between FeO and Fe,O, 
formed from it by eutectoid decomposition are idtntical with those 
obtaining in oxidation layers ; it is suggested that this may prove to 
be a general rule. The limitations in the various methods for deter- 
mining the rate of temper-film formation are discussed. No valid 
method now exists for the determination of the true thickness of 
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films on iron in the temper-colour range. The rates of temper-film 
formation were determined at several temperatures on a large 
number of single crystals of hydrogen-purified iron ; the thicknesses 
are expressed in terms of colours equivalent to those displayed by a 
standard gauge of barium stearate monomolecular films of known 
thickness. A technique of surface preparation is described which 
gives reproducible temper colours on oxidation. Although repro- 
ducible results were obtained for crystal faces of a given orientation, 
no correlation of the rates with orientation could be discovered. The 
difference in the rates of oxidation are shown not to be dependent 
upon the technique of surface preparation or upon anisotropy of 
diffusion in the oxide layers. The rates derived are not parabolic on 
all crystals and show several irregularities. Micrographic evidence 
is given for the occurrence of severe stresses in these films. A 
mathematical treatment is given, which shows that diffusion in cubic 
crystals should be isotropic. 

Measurements of Oxide Films on Copper and Iron. U. R. Evans 
and H. A. Miley. (Nature, 1937, vol. 139, Feb. 13, p. 283). 
The authors state that new electrical measurements of the oxide 
films responsible for interference colours on copper and iron show 
satisfactory agreement with the results of other methods. The 
oxide film can be estimated by measuring the number of milli- 
coulombs needed for its cathodic reduction. The method has been 
used to study the rapid growth of invisible oxide on copper at 18° 
and 62°C. The results accord well with recent electron diffraction 
work by Dobinsky. 

The Réle of Oxygen in Corrosion. U. R. Evans. (Métaux et 
Corrosion, 1937, vol. 12, Jan., pp. 5-6). The author discusses the 
role of oxygen in the corrosion of metals in liquid media and also 
when buried. 

Contribution to the Discussion of the Paper by Sir Robert Hadfield 
and §. A. Main on the Corrosion of Iron and Steel. A. Portevin and 
E. Herzog. (Métaux et Corrosion, 1937, vol. 12, Jan., pp. 9-15). 
The data presented in this article are intended to be supplementary 
to those given in the paper by Sir Robert Hadfield and 8. A. Main 
(Journal of the Institution of Civil Engineers, 1936, Oct., p. 632; 
see Journ. I. and §8.1., 1936, No. IL., p. 474). The authors report 
tests to determine (a) the average rate of corrosion, {/) the distri- 
bution or type of attack, (c) the influence of the surface condition and 
of coating it with calamine, (d) the influence of temperature, and 
(e) the effect of the composition of steels, nickel, copper and chromium 
steels and ordinary steels being included, and the influence of other 
additions being studied. In conclusion a note is given on the e.m.f. 
set up between calamine and steel under various conditions. 

Effect of Various Additions in Small Proportions on the Marine 
Corrosion of Very Mild Steel. A. Portevin and E. Herzog. (Aca- 
démie des Sciences, Dec. 14, 1936 : Génie Civil, 1937, vol. 110, Jan. 
16, pp. 67-68). The authors present the results of experiments 
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designed to show the influence of small additions (in general not 
exceeding 5%, and in some cases less) of aluminium, chromium, 
nickel, silicon and phosphorus on the marine corrosion of steels for 
Sheets made in the high-frequency furnace. In intermittent im- 
mersion, quite small quantities improve the corrosion resistance ; at 
first the improvement is proportional to the amount of element 
added, but later the ratio falls off. The protective action becomes 
about 95% perfect with 12-13% of aluminium and chromium or 
with 33% of nickel. Under the salt spray test the protective action 
of the elements was only about half of that in intermittent immersion. 
The attack is usually uniform in intermittent immersion tests, and by 
pitting in the spray tests. Chromium modified the mode of attack ; 
under intermittent immersion it made it irregular, while in the 
salt spray test it tended to make it more uniform. When two or 
more elements were added together the joint effect was qualitatively 
cumulative and often quantitatively additive. The composition of 
the corrosion products and the solution potentials of the steels 
examined are discussed. 

Increasing the Effective Life of Razor Blades. R. H. Fash. 
(Industrial and Engineering, Chemistry, 1937, vol. 29, Jan., pp. 
68-70). Shaving tests were made in which the razor blade was 
dipped in a solution of a chromate salt aftereach shave. The results 
in lengthening the effective life of razor blades were not as satis- 
factory as when the chromate salt was incorporated in the shaving 
cream. The effectiveness of the treated shaving cream in increasing 
the life of razor blades is probably due to the immediate repair by 
the passivifying agent present of the passive film of iron oxide, 
which is broken in the process of shaving. 
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(Continued from pp, 153 A-154 4) 


Iron Ore Mining in the Ruhr District. K.Oberste-Brink. (Gliick- 
auf, 1937, vol. 73, Jan. 30, pp. 101-110). After describing the geology 
of the iron ore deposits in the Ruhr District, the author gives 
figures and data of previous mining operations and discusses the 
prospects of the resumption of mining activities in this region. 

The Iron Ores of New Jersey. H.M. Roche. (Iron Age, 1937, 
vol, 139, Feb. 4, pp. 74-80; Feb. 18, pp. 39-43). The author dis- 
cusses the iron ore reserves of New Jersey, their metallurgical value 
and future markets. According to the author, the ore reserves of 
these deposits amount to 604 million tons, of which nearly 400 
million tons are of Bessemer grade. 

Geology and Mineral Resources of the Butler and Zelienople 
Quadrangles, Pennsylvania. G. B. Richardson. (United States 
Geological Survey, 1936, Bulletin No. 873). Particulars of the coal, 
iron ore, oil and other deposits of this region are given. 

The Future Reserves of Useful Minerals, according to the Present 
State of our Knowledge. IF’. Friedensburg. (Zeitschrift fiir praktische 
Geologie, 1937, vol. 45, Feb., pp. 27-33; Mar., pp. 4448). After 
discussing the extent to which knowledge of mineral reserves in 
the various parts of the world is available, the author presents 
estimates of the reserves of the more important minerals, including 
coal, oil and metals. He concludes that adequate supplies of coal 
and iron will be available for hundreds of years. 








REFRACTORY MATERIALS 





(Continued from pp. 201 A—202 A) 


Recent Improvements in Refractory Materials. P. B. Robinson. 
(Coke Oven Managers’ Association : Foundry Trade Journal, 1937, 
vol. 56, Mar. 4, pp. 187-189). A review of developments in the 
production and improvement in properties of refractory materials. 

The Properties of Open-Hearth Furnace Checker Bricks. T. 
Swinden and J. H. Chesters. (Journal of the Society of Glass 
Technology, 1936, vol. 20, Dec., pp. 574-585). A strong similarity 
has been found in such of the physical properties of fireclay and semi- 
silica bricks as affect their use in the checkers of open-hearth 
furnaces. A comparison of the properties of used and unused 
checker bricks suggests that, provided the bricks are unglazed and 
can readily be freed from dust, they can be re-used without any 
loss in operating efficiency. Analyses of steel furnace checker dusts 
and of samples of slagged brick indicate that iron oxide (45%) 
and lime (10%) are the principal corroding materials, but that 
other oxides, notably those of sulphur, zinc and the alkalis, may be 
present in considerable amounts. The problems involved in 
choosing between the various shapes and arrangements of checker 
bricks are discussed. No reliable method is yet available for 
comparing the thermal efficiencies of different settings. 

Insulating Panel for Open-Hearths Affords High Salvage of 
Brick. S. M. Jenkins. (Steel, 1937, vol. 100, Mar. 15, pp. 86-88). 
Details are given of a method of insulating open-hearth furnace 
walls above the charging floor. 
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FUEL 





(Continued from pp. 203 A—207 a) 


The Fusibility of Coal Ash. J. J. Brennan, D. F. Mitchell, 
F. P. Tierney and W. C. Thompson. (Industrial and Engineering 
Chemistry, Analytical Edition, 1937, vol. 9, Mar. 15, pp. 106-111). 
The authors describe a method of determining the fusion point of 
coal ash, in which a De Graaf furnace is used. The apparatus 
consists of a platinum strip clamped in a horizontal position, 
enclosed in a metal cover containing a glass window through which 
the condition of the ash on the strip can be observed by means 
of a magnifier, and through which a radiation pyrometer is focused 
on the strip so as to indicate the temperature. The platinum strip 
is heated by passing an electric current through it, and the rate of 
heating is controlled by the mechanical movement of contacts on 
the rheostat. The apparatus was adjusted so as to permit the taking 
of photographs of the ash sample at various temperatures through- 
out the test. Photographs taken by this procedure are presented 
to show the difference in behaviour, within the fusibility range, 
of ash of various coals. 

Investigations on Austrian Coals. W. J. Miiller, E. Graf, R. 
Gruber and H. Scheusch. (Sparwirtschaft, 1937, No. 1: Mon- 
tanistische Rundschau, 1937, vol. 29, Mar. 1). Since November, 
1935, researches on the various Austrian coals, lignites, &c., have 
been in progress in the Fuel Technology Department of the Tech- 
nische Hochschule in Vienna. It is proposed that the results 
obtained shall be published in a series under the title given above, a 
distinguishing number being added. In the present paper, the 
appearances of twenty-three Austrian coals and lignites are tabu- 
lated, and the results of low-temperature carbonisation tests are 
recorded. 

Mainsforth Colliery. (Colliery Guardian, 1937, vol. 154, Feb. 12, 
pp. 289-292). Illustrated particulars are given of the Baum coal 
washery installed at the Mainsforth Colliery of Dorman, Long & 
Co., Ltd. 

New Ways of Evaluating the Cleaning of Coals. K. F. Tromp. 
(Gliickauf, 1937, vol. 73, Feb. 6, pp. 125-131; Feb. 13, pp. 151-156). 
The author states that a reliable means of predicting the results 
of washing in the wet preparation of coals into given classes (density 
separation) has not yet been found. After showing by reference to 
experiments that, under the same conditions of classification, of 
every density range of the charge a definite proportion (in relation 
to the charge), called the grading index, always sinks, he develops 
a new way of evaluating the degree of cleaning from the shape of 
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the grading index curves; he goes fully into the mathematics of the 
subject. 

Coal Washing and the Baum Jig. G. L. Arms. (Transactions 
of the American Society of Mechanical Engineers, 1936, vol. 58, 
pp. 697-699). The author discusses the problems encountered 
during the preparation of coal by jigs and relates the advances made 
in this type of apparatus to meet growing demands for increased 
capacity and greater efficiency. He describes the development of 
the Baum jig since its introduction in the United States, and dis- 
cusses the operating principles and constructional details of the 
latest design. 

Coal Preparation by the Air-Sand Process. T. Fraser. (Trans- 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. 701-703). The author presents in this paper the features 
of an air-sand process for the preparation of coal by specific gravity 
separation. In this process, the float-and-sink separation is made in 
an artificial dry liquid medium of sand and air which can be adjusted 
within certain limits to the specific gravity needed to give a satis- 
factory coal product. This dry float medium of sand and air is 
produced by passing a continuous flow of air bubbles upwards through 
a bed of dry sand in a separator box. The author discusses the 
construction, operation and effectiveness of the equipment used 
in the process. 

The Rheolaveur Coal-Cleaning Process. J. Griffen. (Trans- 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. 705-710). The author discusses the Rheolaveur process 
of cleaning coal, explains its operating principles, and relates how 
variations in the raw-coal qualities are smoothed out in the cleaned- 
coal product. He submits data showing the variability of raw coal 
from Illinois and Pittsburgh seams, and the uniformity of the 
cleaned coal produced in the Rheolaveur plants. 

The Réle and the Part Played by Pulverised Coal in Present-Day 
Industrial Heating. EE. Damour. (Chimie et Industrie, 1937, 
vol. 37, Feb., pp. 229-236). This paper is divided into two parts. 
In the first the author reviews recent progress made in the use of 
pulverised fuel, discusses the use of very low-quality fuels, and 
touches on certain applications when the use of pulverised fuel 
is more advantageous than that of any other. In the second part 
the author discusses two possible ways in which pulverised fuel 
might be used, but which have not yet been put into practice, 
namely, the use of a combustible gas as a vehicle for the pulverised 
fuel, and ultimately the insufflation of this mixture of gas and 
pulverised fuel into hearth furnaces, particularly the blast-furnace. 

The Direct Firing of Pulverised Anthracite Silt. M. Frisch. 
(Transactions of the American Society of Mechanical Engineers, 
1936, vol. 58, pp. 177-183). The author describes a recent develop- 
ment in the art of burning pulverised fuels. It is now commercially 
practicable for the first time to substitute for the bin-and-feeder, 
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or storage, system a simpler and less costly direct-firing, or unit, 
system for burning pulverised anthracite culms and silts hereto- 
fore considered unsuitable and unmarketable as fuels. 

Construction of Modern Coke-Ovens. The Refractory Materials 
and the Reinforcements. Control of the Expansion. Economy 
of Operation. C. Berthelot. (Revue de Métallurgie, Mémoires, 
1937, vol. 34, Feb., pp. 170-189). The author first refers to the 
present state of the metallurgical coke industry in France and gives 
economic data regarding the manufacture of such coke in that 
country. Next, he discusses the evolution and productivity of 
French coke-oven plants, and makes comparisons with foreign 
plants. He next gives consideration to the use of silica bricks 
and the control of the expansion in batteries built of such bricks, and 
discusses at length the combined use of silica, semi-silica and fire- 
clay bricks in modern ovens, the expansion of oven batteries built 
of silica and semi-silica bricks, and the dimensions of the reinforce- 
ments controlling the expansion in modern coke-oven batteries. 
Finally he deals with the heating of the ovens and the utilisation of 
the available gas; here, again, he makes comparisons with practice 
in foreign coking plants. 

The Work of the Coke Research Committees of the Iron and Steel 
Industrial Research Council. E. C. Evans and J. M. Ridgion. 
(lron and Steel Institute, 1937, Special Report No. 17). The 
Midland, Northern and Scottish Coke Research Committees form an 
integral part of the research organisation of the British iron and 
steel industry, and are committees of the Iron and Steel Industrial 
Research Council. The present report summarises the work of the 
Committees up to Dec. 1936. The individual problems which have 
been investigated have been classified under suitable headings and 
arranged as far as possible in a logical sequence. The main objectives 
of the Committees were: (a) to devise methods of testing coke 
which would express its value in the blast-furnace; (b) to investigate 
the factors determining the quality of coke; and (c) to devise methods 
of improving the quality of coke in practice. 

The Production of Reactive Coke in Coke Ovens. R. A. Mott. 
(Coke Oven Managers’ Association : Iron and Coal Trades Review, 
1937, vol. 134, Mar. 5, p. 452). The author describes an investiga- 
tion the results of which show that an open-grate coke can be pro- 
duced by carbonising cleaned coal in admixture with sodium 
carbonate and dehydrated lime. 

Kemp Low-Temperature Ovens at the New Brancepeth Colliery. 
(Iron and Coal Trades Review, 1937, vol. 134, Mar. 5, pp. 446-447). 
Illustrated particulars are given of the constructional arrangement 
of the Kemp low-temperature ovens in operation at the New 
Brancepeth Colliery for the production of smokeless fuel. 

Investigations in the Field of Low-Temperature Carbonisation. 
A. Jenkner, F. L. Kiihlwein and E. Hoffmann. (Gliickauf, 1937, 
vol. 73, Mar. 6, pp. 213-219; Mar. 13, pp. 240-246). After ex- 
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plaining the reasons for the failure of earlier methods of low-tem- 
perature carbonisation, the authors describe briefly the processes 
available in Germany (English methods are included) for the pro- 
duction of lumpy coke from fine coals. They show that, whilst the 
production of good coke is all-important for the economy of the 
process, yet the attainment of high tar yields is also important. 
In this latter respect, careful selection and preparation of the 
charge coal is essential. The authors also review numerous experi- 
ments (laboratory and small-scale) which have been made to estab- 
lish the connection between the products of low-temperature 
carbonisation and the age and petrographic composition of the 
coals treated; some details of the test methods employed are also 
iven. 

” Hydrogenation. F. 8S. Sinnatt, J. G. King and A. MacFarlane. 
(Industrial and Engineering Chemistry, 1937, vol. 29, Feb., pp. 
133-140). In 1923 experimental work on hydrogenation was started 
to ascertain whether British bituminous coals could be readily 
converted to gasoline. After a study of catalysts, an experimental 
plant of one ton per day capacity was constructed. The mechanism 
of coal hydrogenation has been studied, especially for the light it 
sheds on coal constitution. Special attention has been given to the 
hydrogenation and treatment of low-temperature tars, the pro- 
perties of which are described. The influences of pressure and 
temperature upon the hydrogenation and cracking of the aromatic 
constituents of low-temperature tars are reviewed, especially with 
reference to naphthalene. The influence of temperature from 300° 
to 510°C. and of pressure at 200 and 400 atmospheres on the 
hydrogenation of tar in a continuous plant has been studied. After 
hydrogenation above 370° C. the tar loses its black colour but re- 
mains opaque; at 450° C. the product is transparent and pale 
yellow. Deterioration of the catalyst increases with increasing tem- 
perature of operation. The construction and operation of the semi- 
technical-scale tar hydrogenation plant now in use are described, 
together with analyses of the raw and treated tars. Temperature 
conditions in the catalyst chamber and means for dissipating the 
heat of reaction are described. 

Coal Hydrogenation. A Comparison of Hydrogenation Products 
of Coal and Oil. M. Pier. (Industrial and Engineering Chemistry, 
1937, vol. 29, Feb., pp. 140-145). Catalytic destructive hydrogena- 
tion of fuels such as coal tar, petroleum and shale oil causes them to 
give high yields of products usually obtained from mineral oils. 
Practically the only by-product is a certain amount of gaseous hydro- 
carbons, which, however, may be utilised in the process by conversion 
to hydrogen. Catalytic hydrogenation makes pdssible the production 
from the same raw materials of different final products, such as 
fuel oil, lubricating oil, Diesel oil, illuminating oil or gasoline, 
according to the market demand. 
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FOUNDRY PRACTICE 





(Continued from pp. 210 a—211 A) 


Some Considerations of Cupola Operation. H. H. Shepherd. 
(Institute of British Foundrymen: Foundry Trade Journal, 1937, 
vol. 56, Feb. 4, pp. 113-115; Feb. 11, pp. 139-140). The author 
points out the advantages of cupola melting and discusses the 
construction of the cupola, mechanical charging, blowing units, the 
lining of cupolas, height of coke bed, weight of charge, handling 
the tap metal, limestone additions and sulphur and carbon pick-up. 

Rotary Oil-Fired Furnace Designed for Special Grey Irons. 
(Canadian Machinery, 1937, vol. 48, Feb., pp. 29-30). Particulars 
are given of the oil-fired rotary furnace in operation at the plant of 
Philip Gies Foundry, Ltd., Kitchener, Ontario, for the production 
of grey cast iron. The furnace has a capacity of one ton. 

Cuts Malleable Annealing Cycle 49 Per Cent. ©. IF. Joseph. 
(Iron Age, 1937, vol. 139, Feb. 18, pp. 28-31). Particulars are 
given of the practice of the Saginaw Malleable Iron Division of the 
General Motors Corporation, for the continuous annealing of malle- 
able iron. Radiant tube furnaces with controlled atmospheres 
are used and their design is described. 

Cleaning Steel Castings. P. A. Dougher. (Transactions of the 
American Foundrymen’s Association, 1936, vol. 44, pp. 496-506). 
The author discusses the selection of equipment for pneumatic 
chipping, grinding and sand blasting. 

Steel Castings. J. Deschamps. (Institute of British Foundry- 
men: Foundry Trade Journal, 1937, vol. 56, Feb. 11, pp. 141, 144). 
The author discusses recent developments in the moulding and heat 
treatment of steel castings. Brief particulars are included of the 
Acme system of core drying. 

Further Developments with Coal-Dust in Moulding Sands. 
B. Hird. (Institute of British Foundrymen: Foundry Trade 
Journal, 1937, vol. 56, Mar. 4, pp. 192-193). The author discusses 
the effect of coal-dust on the properties of moulding sand, and the 
action of this material in preventing the formation of scabs on the 
face of castings. 

Principles of Patternmaking enabling the Simplest and Economical 
Production of Castings. F. Paschke. (Giesserei, 1937, vol. 24, 
Mar. 12, pp. 136-138). The author gives a number of examples to 
show how the founding of the castings may be simplified and the 
production of wasters minimised; in this way cheaper production 
of the castings is attained. 

Relieving the Manual Labour in Pattern Shops. K. Charisius. 
(Giesserei, 1937, vol. 24, Feb. 26, pp. 106-107). A number of power- 
driven hand tools for use in the making of foundry patterns is 
illustrated and described. 
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Mould and Core Drying by Modern Methods. W. H. Smith. 
(Institute of British Foundrymen: Foundry Trade Journal, 1937, 
vol. 56, Feb. 11, pp. 142-144). The author considers mould drying, 
including loam cores and heavy water-bonded sand cores, and the 
drying of oil-sand and other smaller cores. 

Recent Developments in Rapid Core-Making. V. Stobie. 
(Institute of British Foundrymen: Foundry Trade Journal, 1937, 
vol. 56, Mar. 11, pp. 215-216). The author describes and illustrates 
a new core-making machine for the production of oil-sand cores. 
Compressed air is used for working, and the supply of sand is 
continuous and is bedded automatically in the core box. 

First Report of the Ingot Moulds Sub-Committee. (Iron and 
Steel Institute, 1937, Special Report No. 16, Seventh Report on 
the Heterogeneity of Steel Ingots, pp. 143-213). In this report the 
three principal paths of approach to the study of those factors which 
govern the life of ingot moulds in service have been followed. An 
investigation was carried out on various failures of ingot moulds, 
and a detailed study was made of the influence of the composition 
and structure of the ingot-mould iron upon mould failures (see next 
abstract). A statistical survey of the many factors which are 
known to affect the life of ingot moulds was carried out, by making 
a systematic study of the actual experience of a number of steel- 
works, determined by means of a questionnaire. In addition, fuli- 
scale works experiments designed to show the effect upon mould life 
of certain specific cupola charges, of the interval between casting 
and removal of the mould from the sand, of subsequent annealing, 
of the interval between teeming the steel and stripping the ingot, 
and of high- and low-carbon steels, were carried out. Appended 
to the report is a bibliography of literature on the design, properties 
and use of ingot moulds for steel ingots, covering the period 1899- 
Jan. 1937. 

The Failure of Ingot Moulds for Steel Ingots. The Influence 
of Composition and Structure. J. G. Pearce. (Iron and Steel 
Institute, 1937, Special Report No. 16, Seventh Report on the 
Heterogeneity of Steel Ingots, pp. 184-195). Ingot moulds fail 
either by major cracking or by crazing, the latter implying pro- 
gressive deterioration of the working face owing to the formation of 
a network of minor cracks. To withstand major cracking an ingot 
mould must be able to resist stresses arising from the effects of 
thermal shock, due to the impact of molten steel. To withstand 
crazing an ingot mould must be able to resist growth and scaling. 
These two requirements are antagonistic, and consequently any 
solution adopted is essentially a compromise. Lengthy experience 
has proved that hematite grey cast iron forms a satisfactory material 
for service use. The influences of composition and structure are 
examined and the most advantageous compromise in the light of 
present knowledge is suggested. The paper is confined to the 
consideration of the effect on cracking and crazing of the composition 
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and structure. Failure may, and often does, arise from other causes, 
but in the absence of necessary data no attempt is made to analyse 
them. The considerations advanced apply to all ingot moulds and 
ingot-mould bases, irrespective of size and shape, for ferrous and 
non-ferrous metals, to roll chills, denseners and chills used in 
foundry practice, and to containers for other molten materials such 
as slag, but the ingot mould for steel ingots represents the severest 
service condition and hence provides the worst possible case to be 
considered, particularly where the ingots are of a large size. 

Mass Production of Railway Steel Castings in Canada. E. G. 
Fiegehen. (Foundry Trade Journal, 1937, vol. 56, Feb. 11, pp. 137- 
138; Feb. 18, pp. 157-158; Feb. 25, pp. 175-176; Mar. 4, pp. 190- 
191). Anillustrated account is given of the layout and equipment of a 
large Canadian foundry, and the methods employed for the production 
of various steel castings used in the construction of railway wagons. 

Mass Production of Spun-Iron Pipes. (Foundry Trade Journal, 
1937, vol. 56, Feb. 11, pp. 184-136: Iron and Coal Trades Review, 
1937, vol. 134, Feb. 5, pp. 255-257). Illustrated particulars are given 
of the new plant at the Nutbrook Works of the Stanton Iron-works 
Co., Ltd., for the production of spun-iron pipes by the De Lavaud 
process. The chilling of the pipes is prevented by applying a thin 
coating of ferro-silicon to the revolving mould before pouring the 
metal. 

Foundry Mechanisation. A. 8. Beech. (Institute of British 
Foundrymen: Foundry Trade Journal, 1937, vol. 56, Mar. 11, 
pp. 209-211; Mar. 18, pp. 233-236). The author deals with recent 
improvements in foundry mechanisation, and discusses the advan- 
tages and disadvantages of the principles of mechanisation. 

Influence of Various Factors on the Form of Graphite in Solidifica- 
tion of Cast Iron. (Iron and Steel Industry, 1937, vol. 10, Feb., 
pp. 271-272). An abridged English translation of an article by 
A. Portevin and R. Lemoine, the original of which appeared in 
Génie Civil, 1936, vol. 108, May 2, pp. 428-429. (See Journ. I. 
and 8.1., 1936, No. II., p. 14). 

The Running Quality of Liquid Malleable Iron and Steel 
W. Ruff. (Iron and Steel Institute, Carnegie Scholarship Memoirs, 
1936, vol. 25, pp. 1-39). Results obtained by applying the variable 
gate technique to a cast spiral created a need for new principles to 
relate the velocity of flow with the length ofrun. For the purpose of 
determining the velocities of flow a special discharge method was 
developed, and by means of this it was shown that the laws of flow 
as determined for other liquids were obeyed. In the case of metals 
that solidify readily these laws of flow operate jointly with thermal 
laws, and the combined effect is best ascertained by determining the 
conditions of flow when the length of run is at a maximum. The 
testing apparatus suggested by these considerations is explained, 
and recommendations are made for its further application, especially 
for purposes of control over steel melts. 
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The Scunthorpe Steelworks. (Engineer, 1937, vol. 163, Mar. 12, 
pp. 311-312; Mar. 19, pp. 324-326). [Illustrated particulars are 
given of the equipment of the blast-furnaces, melting-shops and 
rolling-mills at the Appleby-Frodingham Works at Scunthorpe. 

Scientific Study of the Refining of Steel. M. Malcor. (Revue 
de l’Industrie Minérale, 1937, No. 389, Mar. 1, pp. 121-132). After 
touching on the necessity for experimental data obtained in the 
laboratory, the interpretation of experimental results and the 
velocity of reactions at steel-making temperatures, the author 
discusses the factors which retard or prevent the establishment of 
equilibrium in the reactions during the refining of steel and the 
existence of siderurgical equilibria; he presents some general 
observations on steel refining in the open-hearth furnace, and 
summarises the laws of equilibrium. He then considers in detail 
some of the reactions occurring in steel-making, and gives special 
attention to the process of decarburisation. 

The Occurrence of the Reactions in the Basic Open-Hearth 
Furnace. G. Leiber. (Stahl und Eisen, 1937, vol. 57, Mar. 4, 
pp. 237-248). The author is concerned with the determination of 
the oxygen contents of molten basic open-hearth steels. He first 
discusses the limits within which the oxygen content must lie; 
the upper limit is that content which corresponds to equilibrium in 
the partition of the oxides between the bath and the slag, whilst 
the lower limit is given by the equilibrium values of the reaction 
between the carbon and the oxides dissolved in the molten steel. 
The author indicates what conclusions may be drawn from the 
determination of the oxygen content. He then gives an account 
of the experiments carried out during the present research. In 
the first place, great importance was attached to the perfection of 
the sampling methods, and, on the basis of H. Schenck’s proposals, 
a vacuum vessel was developed. The temperatures were mostly 
measured with tungsten-molybdenum thermocouples. The viscosity 
of the slags was examined by the sloping plate method devised by 
C. H. Herty, jun. The evaluation of the test results, which are 
recorded very fully, point to the conclusion that, so long as the metal 
boils, the oxygen content of the steel is very near to the value for 
equilibrium between the carbon and the oxides dissolved in the 
molten metal. This negatives the belief that the oxygen content 
of the bath corresponds to equilibrium in the partition of the oxides 
between metal and slag. So long as the carbon is still reacting 
vigorously, the possibility that equilibria between bath and slag 
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in the strict sense may be set up must bedenied. No close connection 
could be observed between the oxygen content and the rate of 
refining in the sense represented by H. Schenck; rather, in agree- 
ment with the views of F. Kérber and W. Oelsen, the behaviour of 
the manganese at various rates of refining suggests an inverse 
relationship between the oxygen content and the rate of carbon 
removal. 

Experiences with High-Frequency Furnaces. N. Broglio. 
(Giesserei, 1937, vol. 24, Feb. 12, pp. 73-80). The author reviews 
the stages in the development of the types of electric melting 
furnaces, describes the various units in a high-frequency furnace 
plant, and discusses operating procedure from the points of view of 
favourable metallurgical conditions and economy, and the principles 
of the calculation of the economy of the process. He concludes 
by considering the possibilities of introducing the high-frequency 
furnace into foundry plants. 

Seventh Report on the Heterogeneity of Steel Ingots. (Iron and 
Steel Institute, 1937, Special Report No. 16). The first section of 
this report contains a review of knowledge extant on the freezing 
of killed steel ingots. Abstracts of the papers describing the work 
of the Committee which also appear in the report, are to be found 
elsewhere in this Journal. 

Rimming Steel.—A Study of Composition Variation from Outside 
to Centre. T. Swinden. (Iron and Steel Institute, 1937, Special 
Report No. 16, Seventh Report on the Heterogeneity of Steel 
Ingots, pp. 15-21). It is clearly desirable that precise information 
should be available concerning the variation in composition from the 
outside to the centre of rimming steel, not only in order to study the 
characteristics of the material, but as a basis for a hypothesis in 
explanation of the rimming phenomenon. With the object of 
providing these data, a detailed examination was made of (a) a 
billet of open-hearth rimming steel containing 0-16% of carbon, and 
(6) an ingot of basic Bessemer steel, Example No. 64, details of which 
are contained in the Sixth Report (Iron and Steel Institute, 1935, 
Special Report No. 9). The results of the latter are particularly 
interesting. They show that, as regards carbon, sulphur and 
phosphorus, there is a definite fall as one traverses from the outside 
of the ingot through the rim. At the junction of the rim and the 
core there is a sudden rise to a peak, which is well above the average 
composition of the steel, following which there is a flattened curve 
with a secondary peak. In the case of manganese, there is a small 
but definite reduction in the content through the rim, followed by 
a rise at the junction of the rim and core, beyond which the man- 
ganese content is fairly constant. It is pointed out that the 
manganese content does not show the variations necessary to 
accommodate the variation of the sulphur in the form of manganese 
sulphide. The matter is being investigated further by determin- 
ations of the oxygen and hydrogen in samples corresponding to 
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those reported on here. Some observations on the theory in ex- 
planation of the data presented are included. 

Inclusions in a Series of Bath Samples from an Electric Furnace, 
and a Note on Sulphides. J. H. Whiteley. (Iron and Steel In- 
stitute, 1937, Special Report No. 16, Seventh Report on the Hetero- 
geneity of Steel Ingots, pp. 23-55). A series of samples was taken 
from a basic electric furnace for the purpose of determining the 
oxygen content of the bath under the changing conditions of working. 
Most of the metal samples were in duplicate, one being allowed 
to set undisturbed and the other being killed in the spoon with alum- 
inium. Details of the charge history and analyses of both slag 
and metal samples are presented. The paper describes a pre- 
liminary investigation in which a thorough examination of the 
non-metallic inclusions was made. In the unkilled series four types 
could be distinguished, viz., sulphides, silica and silicates, oxide, 
and slag. Methods used for identification are given. By means of a 
counting method, the gradual increase of oxygen in the metal as 
the boil proceeded and its subsequent steady removal in the re- 
fining period are demonstrated. In the killed samples the inclusions 
were chiefly sulphides and aluminous material, and although the 
counting method was there inapplicable, the same oxygen changes 
were manifest when the visible quantities of aluminous inclusions 
were compared. It is also shown that unkilled samples are quite 
unsuitable for estimating the oxygen in the bath, since they may be 
contaminated with slag particles derived in sampling and with 
oxide films due to air penetration. In this respect aluminium- 
killed samples are much more satisfactory, but, even so, a method 
of obtaining fully reliable samples has probably yet to be devised. 
A minute but remarkable segregation effect containing apparently 
massive carbide is described. Lastly, the sulphides are studied. 
As a result, it is shown that much of the sulphur in ordinary 
steels solidifies as iron sulphide, which changes later to man- 
ganese sulphide in the solid steel. This fact throws light on 
the frequent deficiency of manganese in segregated areas rich 
in manganese sulphide, a feature which has hitherto remained 
unexplained. 

Morphology of the Inclusions in Siderurgical Products. Parts IV. 
andV. A.M. Portevin and R. Castro. (Iron and Steel Institute, Apr., 
1937 ; this Journal, p.223 Pp). In Parts I. and II. the authors described 
the morphological aspect of inclusions in iron and ordinary steels, in 
the presence of manganese, silicon and aluminium on the one hand, 
and of sulphur and oxygen on the other. Part III. relate@ to in- 
clusions met with in industrial steels and alloys containing chromium 
in addition to the elements mentioned above. In‘Part IV. the authors 
describe and illustrate the inclusions characteristic of the presence 
of titanium, zirconium and vanadium. In Part V. general con- 
siderations on the identification and the definition of non-metallic 
inclusions are presented, 
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Some Further Experiments on Gases in Iron and Steel and their 
Effect on the Solidification of Ingots. T. Swinden and W. W. 
Stevenson. (Iron and Steel Institute, 1937, Special Report No. 16, 
Seventh Report on the Heterogeneity of Steel Ingots, pp. 139-142). 
This paper is an amplification of the work reported in Section VIII. 
of the Sixth Report (Iron and Steel Institute, 1935, Special Report 
No. 9). Argon has been used in a manner similar to that employed 
for other gases in the previous Report; it is shown that argon has 
no tendency to produce unsoundness when passed through liquid 
steel, and, moreover, that it removes the unsoundness effect other- 
wise produced by a prior passage of hydrogen. From this it is con- 
cluded that the effect of nitrogen previously reported is essentially 
a physical effect, and is not due to the nitrogen forming compounds 
with the iron, as was suggested in the discussion of the previous 
report. Further experiments relating to the influence of moisture 
are included, wherein it is shown that moisture tends to cause 
unsoundness in circumstances in which dry gas (either argon or air) 
causes no unsoundness. The results of this further work are in 
line with those to be anticipated from the authors’ previous com- 
munication on this subject. 








( 2644 ) 


REHEATING FURNACES 





(Continued from p, 217 A) 


Heat Transmission in Steel-Reheating Furnaces. J. E. Eberhardt 


and H. C. Hottel. (Transactions of the American Society of - 


Mechanical Engineers, 1936, vol. 58, pp. 185-193). The authors 
describe the results of a number of tests on six continuous billet- 
reheating furnaces of widely varying size operating under widely 
varying conditions, which were correlated by means of a relatively 
simple semi-empirical equation suitable for use in design calculations. 
The equation giving the heat transmission involves the product of a 
fourth-power temperature function, the effective hearth area, the 
emissivity of the flame due to its non-luminous constituents, and the 
continuity of operation of the furnace. The use of the equation in 
design calculations is illustrated. The second portion of the paper 
presents results of a more comprehensive test of one of the furnaces, 
including both terminal and intermediate conditions. The agree- 
ment between the results of tests on the various sections of the fur- 
nace and the heat transmission predicted from a rigorous considera- 
tion of the various contributing mechanisms is good. Since the 
method of attack outlined in this section is free from empiricism, 
its applicability is not limited to reheating furnaces. (See Journ. 
I. and §.I., 1936, No. IT., p. 155 a). 

Heating Furnaces for Mine Arches. (Iron and Coal Trades 
Review, 1937, vol. 134, Mar. 5, pp. 450-451). Illustrated particulars 
are given of the reheating furnaces in operation at the East Moors 
Works, Cardiff, of Guest, Keen, Baldwins, Ltd., for the heating of 
material used in the construction of mine arches. 

The Importance of Soaking in the Construction and Operation of 
Pusher Furnaces. F. Wesemann. (Stahl und Eisen, 1937, vol. 57, 
Mar. 11, pp. 261-269; Mar. 18, pp. 296-300). The temperature and 
soaking of material to be rolled have a marked influence on all those 
properties which are related to the heating up and rolling of the 
metal, and therefore affect the economy and output of the rolling 
mill. Asan extension of earlier preliminary tests, it has been possible, 
in the course of time, to draw conclusions regarding soaking from the 
interplay between the giving-up of heat by the flame gases and 
the absorption of heat by the material and to sort out those factors 
which influence it. The material will be thoroughly soaked if it is 
first heated as intensely as possible, also from underneath, and 
is gently heated further only at the end of the heating period. 
When the charge is continually being changed this condition de- 
mands careful adjustment of the heat supply to the rate of through- 
put of the material, and this can be assured by coupling the burners 
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in groups and controlling the temperature in the heating zone. 
Further, the soaking depends on the thickness and conductivity 
of the ingots and on the heating period in the furnace, which are 
again closely linked with the throughput of the furnace. The 
hearth-surface output is of only limited use as a means of comparing 
the output of different furnaces, and is of less importance than the 
heating time and ingot section. Heating the material from below 
has the special advantage that the temperature difference, particu- 
larly in the zone of lower temperatures, is less; nevertheless, it 
is not widely used, because it carries with it considerable operating 
and structural difficulties—among which are the removal of the 
furnace slag from the combustion spaces of the lower burners, the 
softening of the refractory walls supporting the skids, and the need 
for building-in water-cooled skids, with their occasional adverse 
effects on alloy steels. 
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FORGING, STAMPING AND DRAWING 





(Continued from pp. 218 aA—219 4) 


Forging Machines and Forging Presses. P. Verborg. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1937, vol. 81, Feb. 20, 
pp. 231-235). An illustrated description of a number of forge 
hammers, upsetting machines and forging presses of German manu- 
facture. 

High Efficiency Drop Forging Plant. (Iron and Steel Industry, 
1937, vol. 10, Feb., pp. 263-265). A discussion of developments in 
high-speed drop forging equipment. 

Drop Forgings. P. Rowley. (Staffordshire Iron and Steel 
Institute, Feb. 23, 1937: Iron and Coal Trades Review, 1937, 
vol. 134, Mar. 5, p. 445). The author, in discussing drop-forging 
practice, deals with equipment and methods of production. 

Studies of the Wire-Drawing Process. Part VIII.—A Note on the 
Effect of the Speed of Drawing on the Influence of Ageing on the 
Tensile Properties of Certain Steel Wires. E. L. Francis. (Iron and 
Steel Institute, Carnegie Scholarship Memoirs, 1936, vol. 25, pp. 
63-67). The influence of the speed of drawing on the ageing pro- 
perties of certain steel wires has been investigated. Over the range 
10 to 600 ft. per min. the speed of drawing appears to have no 
influence whatever. The influence of the reduction of area appears 
to be slight. There is some evidence that ageing occurs in a periodic 
manner. 

Studies of the Wire-Drawing Process. Part IX.—Does the 
Phenomenon Known as the ‘‘ Alkins Effect’? Occur in Certain 
Ferrous Alloys? E. L. Francis. (Iron and Steel Institute, Carnegie 
Scholarship Memoirs, 1936, vol. 25, pp. 69-79). The mechanical 
properties of a number of cold-drawn steels have been investigated 
carefully. No evidence has been obtained that any of these materials 
show the phenomenon of the “ Alkins effect,’’ which has been 
found to be of fairly general occurrence amongst metals and alloys 
belonging to the face-centred cubic system. 
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ROLLING-MILL PRACTICE 





(Continued from pp. 220 a—222 a) 


The Determination and Magnitude of the Coefficient of Friction 
during Rolling. T. Dahl. (Stahl und Eisen, 1937, vol. 57, Feb. 25, 
pp. 205-209). The author discusses sliding friction and the deter- 
mination of the magnitude of the coefficient of friction during rolling. 
The coefficient depends on a number of continuously varying factors, 
such as the surface condition, temperature and moisture on the 
rolls and the material being rolled, so that great care is necessary 
in putting forward definite values. Nevertheless, knowledge of the 
magnitude of the coefficient of friction in rolling and particularly its 
variation caused by these various factors is of the greatest practical 
value, as the frictional coefficient determines the extent to which 
rolling-down can be carried; this is reflected in the arrangement of 
the drive and the roll housings in the roll train. In hot-rolling 
the coefficient of friction averages about 0-4, and in cold-rolling 
about 0-1. 

Lubrication of Modern Rolling Mills. L. Ballard. (Blast 
Furnace and Steel Plant, 1937, vol. 25, Feb., pp. 191-194, 226). 
The author discusses a number of problems in the efficient lubrication 
of rolling mill equipment. 

The Improvement of Steel Rails by Transformation of the Primary 
Structure in the Base of the Rail during Rolling. W. Liickerath. 
(Mitteilungen der Kohle- und Eisenforschung G.m.b.H., 1936, vol. 
1, Dec., pp. 121-156: Stahl und Eisen, 1937, vol. 57, Feb. 18, pp. 
172-179). The author describes a new method of rolling rails 
whereby the primary structure of the rail base is transformed 
during the rolling process. At those parts of the section where an 
improved structure is desired, a deep wedge-shaped groove is rolled 
in by means of a suitably designed pass, and the metal is spread 
sideways. In this way the surface layers of the metal are so dis- 
placed that the skin blow-holes and columnar crystallites, originally 
at right angles to the surface, are made to occupy a position almost 
parallel to it. Thus a crack starting from the surface is unable to 
progress inwards without obstruction. The beneficial effects of the 
new rolling process are shown by micrographs and by the results 
of comparative mechanical tests on rails made by the new and the 
older methods. 

100-in. Plate Mill Combines Precision with Large Output. (Blast 
Furnace and Steel Plant, 1937, vol. 25, Feb., pp. 195-200, 218, 233). 
An illustrated account is given on the new 100-in. semi-continuous 
plate mill at the Homestead Works of the Carnegie Illinois Steel 
Corporation. (See pp. 166 a and 221 4). 








268 a ROLLING-MILL PRACTICE. 


Sheet and Strip Production in France. (Iron and Coal Trades 
Review, 1937, vol. 134, Mar. 19, pp. 525-528). An illustrated 
description is given of the layout and equipment of the hot sheet 
mill and four-high cold mill in operation at the Hagondange plant of 
the Société des Aciers Fins de |’Est (S.A.F.E.). The roughing stand 
of the sheet mill is three-high; the top and bottom rolls are 31 in. 
in diameter, and the middle roll is 23 in. in diameter. The finishing 
stand is also three-high, the top and bottom rolls of which are 80 in. 
wide and 30 in. in diameter, whilst the middle roll is 23 in. in dia- 
meter. The sheets are welded together for cold rolling. The backed- 
up rolls of the cold mill have a barrel length of 72 in., with a dia- 
meter of 56 in. The working rolls are 20} in. in diameter, and 72 in. 
long. The mill is driven by a 2,250-h.p., 300-500-r.p.m. D.C. 
motor, giving a rolling speed of 246-410 ft. per minute. 

Improvement of the Quality of Tinplate. W. Krimer. (Stahl 
und Hisen, 1937, vol. 57, Feb. 11, pp. 156-157). The superiority of 
strip over sheet for the production of tinplate has been discussed in an 
earlier paper. The author states that if the quality of strip is to be 
equalled oreven only approached in sheet, then recourse must be had to 
cold-rolling, with reductionsoutside the range of critical cold deforma- 
tion, that is, either below 5% or above 30%. It is not possible to 
effect cold reductions of up to 5% in the usual two-high polishing 
mill train of three stands for various reasons, but it is shown that if 
the first two stands are converted to three-high with a thin middle 
roll, only the lower roll being driven, it is quite feasible; such a mill 
is illustrated. Cold reductions of over 30% up to about 50% can 
be given in a four-high mill provided with arrangements for holding 
back the sheet on the entry side and pulling it forward on leaving. 
This is effected by a series of pairs of small rolls on either side of the 
rolling mill, through which the sheet passes; the small rolls on the 
entering side run more slowly and those on the leaving side more 
rapidly than the rate corresponding to the mill speed. The advan- 
tages of such a mill are discussed briefly. 

Granite City Steel Completes Continuous Strip Mill Installation. 
R. E. Miller. (Iron Age, 1937, vol. 139, Mar. 4, pp. 38-43). An 
illustrated description is given of the layout and equipment of the 
néw 90-in. continuous hot strip mills at the plant of the Granite 
City Steel Co., Granite City, Illinois. 

New 4-High Cold Mill Rolls Strip Steel for Tinning. (Steel, 1937, 
vol. 100, Mar. 15, pp. 72-73). Brief particulars are given of the new 
4-high strip mill at the plant of the Republic Steel Corporation, 
Niles, Ohio. The strip produced in this mill is intended for tinning. 

Hot Strip Mill Erected in Japan. (Iron and Steel Industry, 
1937, vol. 10, Feb., pp. 255-258). Illustrated particuvars are given 
of the layout and equipment of the strip mill at the plant of Toku 
yama Teppan Kaisha, Ltd., Japan. The mill is of German design. 

Reconstruction at Frodingham. (Iron and Coal Trades Review, 
1937, vol. 134, Mar. 12, pp. 481-482). Details are given of the 
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finishing bank recently installed at the Frodingham plant of the 
Appleby-Frodingham Steel Co., Ltd. The finishing bank, which 
deals with products from the section mills, includes a travelling 
bar stopper, a mechanical cooling bank, roller straightening machines, 
a cold bank, an overhead crane and loading roads. Brief particulars 
are also included of the blast-furnaces, steelworks and rolling-mills 
at this plant. 

The Manufacture and Use of Circular Saws for Iron and Steel. 
(Iron and Steel Industry, 1937, vol. 10, Feb., pp. 272-273). A 
brief outline is given of the manufacture of circular saws and the 
conditions governing their efficient use. 
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PYROMETRY 





(Continued from p. 167 A) 


Pyrometry. (Iron and Steel Institute, 1937, Special Report 
No. 16, Seventh Report on the Heterogeneity of Steel Ingots, 
pp. 215-238). The report of the Liquid Steel Temperature Sub- 
Committee deals with the work which has been carried out since the 
publication of the Sixth Ingot Report (Iron and Steel Institute, 
1935, Special Report No. 9). The programme consists of a series 
of investigations with the object of determining the temperature of 
molten steel directly in the furnace or the ladle. For this purpose, 
the possibilities of the development of a suitable thermocouple are 
being explored, and several methods are at present under examina- 
tion. Dr. Fitterer’s silicon-carbide/graphite combination is being 
investigated. Various ‘“‘ quick-immersion ” methods are also being 
considered. In these (a) a platinum thermocouple, (6) a sighting 
tube for an optical pyrometer, and (c) metallic alloys in the form 
of wires, and having different melting points, are immersed in the 
liquid steel for a brief period of time. Details are given of laboratory 
tests which have been carried out, together with a trial of some 
of the apparatus on an open-hearth furnace. 

First Report on Proposed ‘‘ Quick-Immersion ’’ Methods of 
Measuring the Temperature of Steel in the Open-Hearth Furnace. 
F. H. Schofield. (Iron and Steel Institute, 1937, Special Report 
No. 16, Seventh Report on the Heterogeneity of Steel Ingots). 
In the so-called “ quick-immersion”’ methods, the attempt is 
made to adapt the platinum thermocouple and the optical pyro- 
meter to the conditions of an open-hearth furnace. The methods 
are based mainly on the following assumptions :— 

(1) Sheaths for couples made up of silica or silicon carbide, and 
sight tubes for optical pyrometers of the latter material, can be 
plunged without cracking into steel minus slag, and will give a 
quick response in temperature. 

(2) Apparatus can be designed which will withstand plunging 
into steel plus slag and be used for protecting the articles referred 
to in (1), so that they come into contact only with steel minus slag. 

Small-scale laboratory experiments, on steel minus slag, show that 
a couple in a thin-walled silica sheath will give a reading in 10 to 
15 sec., and withstand a number of successive immersions at 
1620° C. apparently without contamination, and that thin-walled 
tubes of silicon carbide will withstand a number of immersions and 
be satisfactory as sight tubes for an optical pyrometer. Though the 
thermocouple results are thought to be the more promising, considera- 
tion has also been given to the design of an optical pyrometer 
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suitable for quick-immersion used. The apparatus proposed for 
(2) consisted of a long steel pipe, insulated with diatomite, to the 
end of which was attached a steel nozzle enclosing the couple sheath 
or the sight tube. Nitrogen under pressure was to be supplied to the 
pipe, so that, when the nozzle was plunged into the slag and steel, 
they should be prevented from entering it. The sheath or sight 
tube was then to be extruded into the steel, and retracted on com- 
pletion of the measurement. When this apparatus was tried on an 
open-hearth furnace, it was found that spurts of steel occurred up 
the nozzle, tending to block it. Special devices enabled single 
readings to be taken with a thermocouple, but a number of successive 
readings could not be obtained without dismantling the apparatus. 
The report also deals with possible alternatives and various sub- 
sidiary matters. Appended to the report is a short paper by V. H. 
Stott describing the production of tubes to be plunged into molten 
steel at 1650° C. 

Temperature Measurements in Annealing Furnaces. 0. Pszczdlka. 
(Stahl und Eisen, 1937, vol. 57, Feb. 18, pp. 185-186). After 
indicating the difficulties in the way of taking temperature readings 
in annealing furnaces with radiation pyrometers, the author illus- 
trates a method of using a (sheathed) thermocouple, which is passed 
through the furnace roof and is in contact with the material to be 
annealed throughout the whole annealing period. If an annealing 
box is used, a hole is provided in its cover to allow the thermo- 
couple sheath to reach the contents; the sheath is sealed in with a 
little sand, and when the annealing is finished the hole is stopped up 
with a suitable plug. A light gear above the furnace lowers and 
raises the thermocouple and sheath as required. 
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(Continued from pp. 223 a-224 a) 


Some Experiments on the Influence of Silicon, Phosphorus and 
Manganese on Nitrogen-Hardening Cast Iron. J. E. Hurst. (Iron 
and Steel Institute, Apr., 1937; this Journal, p. 255Pp). The paper 
gives the results of an investigation into the effect of the elements 
silicon, manganese, and phosphorus on the susceptibility to hardening 
of nitrogen-hardening cast iron. Within the ranges of composition 
examined the results show that silicon appears to have an influence on 
the total depth of penetration—the higher the silicon content, the 
lower being the total depth of penetration of the nitrogen-hardening 
effect. Variation in the silicon content does not appear to affect the 
magnitude of the surface hardness. In excess of 0:20%, phosphorus 
is accompanied by a reduction in surface hardness, but the total depth 
of penetration of the hardening effect is not altered. Manganese 
appears to be without influence on the total depth or upon the degree 
of surface hardness. The results appear to show also that the effect 
of chromium is in the direction of ensuring greater depth of penetra- 
tion rather than affecting the magnitude of the surface hardness. 
Nitrogen-hardening at three temperatures—500°, 550°, and 600° C.— 
in the case of the silicon series showed that the depth of penetration 
and the magnitude of the “growth” increased with increasing 
hardening temperature. For this series the highest and most 
uniform hardness results were obtained with a hardening temperature 
of 550° C. 

The Heat Treatment of Cast Iron. E. Piwowarsky and E. 
Séhnchen. (Giesserei, 1937, vol. 24, Feb. 26, pp. 97-106). The 
results of experiments on the heat treatment of a number of cast 
irons of various compositions (specimens 30 mm. in dia.) are recorded. 
It was found that by oil-quenching and tempering the strength could 
be raised to 60 kg. per sq. mm.; irons with the lowest contents of 
carbon plus silicon responded best. The composition ranges in 
which chill castings possessed better properties than sand castings 
were determined. Moderate additions of nickel, chromium and 
molybdenum improved the mechanical properties greatly, especially 
in the cast and annealed conditions. Regarding the heat-treated 
state, the dimensions of the specimens chosen were too small to 
reveal the beneficial effects of the special elements for high rates of 
quenching or cooling. The wear resistance of grey ca8t iron can be 
raised considerably by quenching. The lower the carbon plus 
silicon content, the better is the retention of hardness on tempering. 
Having regard to this fact, and with moderate additions of alloy 
elements, the maximum strength properties attainable by quenching 
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and tempering always coincide with a high resistance to wear. This 
does not apply to the same extent to the corrosion resistance, 
which is generally reduced by tempering the quenched grey iron. 

The Heat Treatment of Steel Castings. RK. Hunter. (Institute 
of British Foundrymen: Foundry Trade Journal, 1937, vol. 56, 
Mar. 11, pp. 213-214, 216; Mar. 18, pp. 237-238, 240). The author 
gives examples of the heat treatment of steel castings, and explains 
in as non-technical language as possible the principles underlying 
the various heat-treating operations. 

Special Atmospheres for Industrial Furnaces. W. A. Darrah. 
(Industrial Heating, 1937, vol. 4, Feb., pp. 106-110). The author 
discusses the effects of various combinations of gases on different 
metals and describes some types of controlled-atmosphere furnaces. 
(See p. 205 a). 

Improvements in Sheet Annealing Furnaces. C. Heurtey. 
(Revue de Métallurgie, Mémoires, 1937, vol. 34, Feb., pp. 161-165). 
A brief illustrated description is given of a sheet annealing furnace 
devised by Lee Wilson, an American. The furnace body, complete 
with vertical radiant tubes, fired with gas, is placed over the con- 
tainer in which the sheets have been piled; when the annealing 
period is finished the furnace body is moved to the next container 
with its charge of piled sheets, so that there is an economy of heat 
and time. 

Steels Unsusceptible and Susceptible to Heat Treatment. F. 
Rapatz and W. Wrazej. (Hutnik, 1937, vol. 9, No. 1, pp. 5-12). 
This paper is concerned with the influence of deoxidation on the 
properties of steel. The first part, by the two authors jointly, 
deals with the susceptibility of tool steels to the effect of heat, the 
second part, by the last-named author, with the same property of 
structural steels. 

Part 1.—Two tool steels, with about 1-1% of carbon, though of 
almost identical chemical composition, behaved quite differently, 
which was attributed to the mode of deoxidation. One steel was 
deoxidised with aluminium, the other without this addition. The 
former did not harden (the hardened layer was only 2-5 mm. thick), 
even at a temperature of 880° C., whereas the latter steel hardened 
almost completely through. In the fracture of the first steel the 
hardened layer had a velvety appearance, whereas the fracture of 
the second revealed coarse grains. On heating to 1200°C. the 
aluminium-killed steel was less over-heated than the other. Hot 
extraction of the dissolved gases showed that there was less oxygen 
in the aluminium-killed steel and less hydrogen and nitrogen in the 
other. A manganese steel (0-9% carbon, 1-8°% manganese), contain- 
ing 0-2% of vanadium, behaved like the aluminium-killed steel. 
Such a difference in the behaviours was ascribed not only to the 
oxygen dissolved by FeO, but also to that dissolved by MnO, 
which is possible at higher temperatures. On the other hand, the 
forms SiO, or Al,O,, &c., with which oxygen is combined, hinder the 
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solution of oxygen. The soluble oxygen causes the steel to tend to 
harden throughout, and also to form coarse martensite. The 
addition of a strongly deoxidising element, no matter which, has the 
reverse effect. In insufficiently deoxidised steels, the martensitic 
hardened layer is disseminated with small flakes of troostite; these 
are often linked together by small cracks, which cause the tool to 
break up in use. 

Part 2.—The author’s observations were made on the machining 
of over 1000 press-forged and heat-treated casts from 25-ton heats. 
They showed the varied behaviour of medium-hard (0-35% carbon) 
steels. _Some hardened deeply with adequate surface hardness, 
others hardened only superficially with local soft spots. For this 
reason the author made prior hardening tests, heating the pieces to 
760-850° and quenching in cold water. From the fractures of the 
specimens and measurements of the surface hardness the suscepti- 
bility of the steel to heat treatment was judged. In this way, 
hardening cracks and fractures were avoided. (Generally speaking, 
finished pieces were heated to 30-50° above Ac, and quenched in 
water only after they had air-cooled to the Ar, point. As the 
furnace-man does not alter his operating method, once established, 
during the cast and the steels nevertheless behaved differently, the 
author ascribes this property of the steel produced not only to the 
character of the deoxidation, but also to the course of the entire 
refining process, details of which are often not watched closely. The 
tendency of certain structural steels killed with aluminium to harden 
only on the surface must be considered disadvantageous. The thin 
hardened layer, martensitic after quenching and transforming into 
troostite on tempering, can be removed during further machining. 

Two carbon steels (035% carbon) of very similar analysis were 
made in a 300-kg. high-frequency furnace from the same charge; 
they were deoxidised, rolled and heat-treated in the same way. 
Yet the tensile strength, yield point and elastic limit of one steel 
were higher and the elongation and notch impact value lower than 
the corresponding values of the other steel. The author connects 
this difference of behaviour of the two steels, similarly made and 
treated, with the temperature of the melting process and the 
possibility of the solution of gases, which have an outstanding 
influence on the quality of the steel. If the dissolved oxygen, as is 
assumed, is to be regarded as the cause of the varying behaviour of 
steel, and the degree of deoxidation plays a determining part, yet 
there is no practical possibility, unfortunately, of determining, 
during the working of the heat or before tapping, the quantity of 
strongly deoxidising addition required. 

Normally produced structural steel, with its tendency to form a 
thick hardened layer, is a valuable material of construction. Such 
steels are much more widely used than the non-hardening steels. 
On heating to higher temperatures—for instance, forging temper- 
atures (1150—1200° C.)—normal hardenable steels develop a grain 
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size no worse than that in non-hardening steels. The forging refines 
their grain again, and subsequent heat treatment develops excellent 
properties. As the critical temperature of grain-growth (1010°) of 
the non-hardening, so-called fine-grained steels lies 100-150° below 
the normal forging temperature (1150-1200°), the behaviours of the 
hardening and non-hardening steels at higher temperatures have 
practically no significance. The aluminium deoxidation products 
form marks and streaks on finely polished surfaces. For the 
determination of the ability of steels to carburise, the McQuaid-Ehn 
test is useful, although it does not give exactly determined values 
for practical use, because these are dependent on the degree of 
forging of the steel. For the classification of medium-hard and hard 
structural steels the hardening test at temperatures of Acg + 20°, 
Acs + 60° and Acg + 100°, combined with an examination of the 
fracture (depth of hardness) and of the surface hardness, can be 
used. In exceptional cases, the test can be amplified by a determin- 
ation of the hardness of the cross-section or by microscopic investi- 
gation. 

Controlled Hardening of Chain Parts. W.C.Kernahan. (Heat 
Treating and Forging, 1937, vol. 23, Jan., pp. 15-16). Brief 
particulars are given of the practice of the Diamond Chain and 
Manufacturing Co., Indianapolis, for the hardening of roller chains. 
Three types of case hardening are used : Box pack, rotary carburising 
and cyanide hardening. 
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(Continued from pp. 225 a—228 a) 


Double-Run Welding with Two Blow-pipes in the Construction 
of Locomotives. (Soudeur-Coupeur, 1937, vol. 16, Feb., 44-47). 
The use of the double-run method of welding, employing two blow- 
pipes, in the fabrication and erection of heavy locomotive parts 
(frames, boilers, fire-boxes, &c.) is discussed. 

Application of Aluminothermic Fusion-Welding to Treated 
Rails. C. Boutet. (Bulletin de la Société des Ingénieurs Soudeurs, 
1936, vol. 7, Nov.—Dec., pp. 2515-2528). The welding of rail 
joints presents three major problems : (a) The production ‘of a weld 
which will not fracture in service, (b) the weld must not wear ab- 
normally, that is, differently from the rail itself, and (c) the process 
must be rapid and economic. The author first discusses the strength 
and the wear of aluminothermic fusion-welded rail joints, and then 
refers to the rapidity and economy of the method. He next 
describes the application of this process to the making of joints in 
heat-treated rails and finally gives figures to show the behaviour of 
such joints in the tup test. 

Characteristics of Arc Welding Machines. 8S. G. P. de Lange. 
(Engineer, 1937, vol. 163, Mar. 12, pp. 295-296). The necessity 
for drawing up routine procedure for determining the efficiency of 
welding machines is pointed out. This procedure, to be of value, 
must be independent of the opinion of the welder, of the welding rod 
and of the nature and dimensions of the test job. The author shows 
in what manner such a survey should be taken. 

Heat Effect in Welding. W. G. Theisinger. (Iron Age, 1936, 
vol. 138, Dec. 17, pp. 38-45; 1937, vol. 139, Feb. 25, pp. 28-31, 
115; Mar. 4, pp. 48-53). The continuation and conclusion of a 
series of articles in which the author discusses the variables which 
influence the welding of steel, particularly the effect of welding 
heat (see p. 25 A). 

Welding Alloy Steels. A. B. Kinzel. (Transactions of the 
American Society of Mechanical Engineers, 1936, vol. 58, pp. 511- 
513). (See p. 73 4). 

Arc Welding of Structural Alloy Steels. W.L. Warner. (Trans- 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. 515-526). The author discusses the effect of welding 
heat on different structural alloy steels. This heat effect, expressed 
in terms of Vickers Brinell hardness, is affected by the physical and 
chemical properties of both the parent metal and the electrode used. 
The author presents graphs showing the extent of the effect of these 
properties on the welded structure and on the weldability of the 
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How to Weld Twenty-Nine Metals—and Then Some. C. H. 
Jennings. (Iron Age, 1937, vol. 139, Mar. 11, pp. 61-63). Particu- 
lars are given of procedure for the welding of Jal-Ten (carbon- 
manganese steel) and wrought iron. (See p. 225 4). 

Welding Heavy Machinery. ©. A. Wills and F. L. Lindemuth. 
(Transactions of the American Society of Mechanical Engineers, 
1936, vol. 58, pp. 529-533). The author discusses the problems met 
with in the designing, fabrication, and stress-relieving of welded 
machine parts and other types of welded equipment. 

Casting or Welding in Machine Design. J. L. Brown. (Trans- 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. 553-559). This paper is a presentation of the problems 
involved in choosing between a cast machine part or a part fabricated 
by welding for any specific purpose. The author discusses the 
advantages and disadvantages of each method in the light of cost, 
utility and appearance of the finished product, and compares the 
casting method with fabrication by welding for several specific 
structures. Fields in which fabrication by welding can and cannot 
compete with castings are also mentioned, together with problems 
involved in designing a welded part to replace a casting. 

Welding Design. C.H. Jennings. (Transactions of the American 
Society of Mechanical Engineers, 1936, vol. 58, pp. 497-509). 
The author discusses the design of welds and deals with a number of 
variables such as the selection of the proper joint, the calculation 
of weld stresses, the determination of working stresses and safety 
factors, and other important features governing weld design. A 
comparison is made between butt and fillet welds in an effort to assist 
the designer in the selection of the proper type. An appendix is 
attached which contains a number of typical welded-joint designs 
with the corresponding recommended formule for calculating the 
stresses. 

The Welding Laboratory of ‘‘L’Air Liquide.”’ (Soudeur- 
Coupeur, 1937, vol. 16, Mar., pp. 1-13). Numerous illustrations 
are reproduced showing the testing plant installed in the welding 
laboratory of the Société l’Air Liquide, and an account of the types 
of investigation carried on and some characteristic test results 
obtained is given. 
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(Continued from p. 172 a) 


A Study of the Turning of Steel Employing a New Type Three- 
Component Dynamometer. O. W. Boston and C. E. Kraus. (Trans- 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. 47-53). The authors present the results obtained in 
measuring with a new type of dynamometer the three components 
of the cutting force when turning with single-point tools. This 
dynamometer measures the cutting force as a function of the 
elasticity of its steel members. The forces are read on dial indi- 
cators and are not recorded graphically. The dynamometer is very 
rigid and simple in construction. It was developed by the authors 
to overcome many difficulties of calibration inherent in hydraulic 
recording dynamometers previously used by them. In the turning 
of steel, the cutting force is conveniently resolved into tangential, 
radial and longitudinal components. The tangential component 
accounts for practically all of the power required to remove the 
metal, the longitudinal component accounts for the power for 
feeding the tool along the cylindrical work, and the radial component 
holds the tool to the correct depth of cut, and in so doing produces 
no power. The magnitude of these forces and their relation to each 
other vary widely for different metals. For a given material they 
change as the feed and depth of cut are changed, or as the tool 
shape is altered. Only slight changes result from a change in 
cutting speed. The authors present the results of a fundamental 
study of several phases of machinability in which the three com- 
ponents of the cutting force are determined for various tool shapes 
and sizes of cut. The built-up edge, its shape, size and stability 
are studied as functions of the cutting speed. The temperature 
developed at the cutting point as affected by the cutting speed was 
determined by the tool-work thermocouple. 

The Torque and Thrust of Small Drills Operating in Various 
Metals. O. W. Boston and W. W. Gilbert. (Transactions of the 
American Society of Mechanical Engineers, 1936, vol. 58, pp. 79- 
89). The authors present the results of a detailed study in which 
the torque and thrust were recorded when drilling with small drills 
ranging from 4 in. to 3 in. india. The influence of cutting speed on 
the value of the torque and thrust when cutting alow-carbonsteel with 
a 1-to-16 emulsion is shown to be appreciable at the lower speeds, 
but negligible in the higher ranges of speeds. 

The Influence of Cutting Fluids on Tool Life in Turning Steel. 
O. W. Boston, W. W. Gilbert and C. E. Kraus. (Transactions 
of the American Society of Mechanical Engineers, 1936, vol. 58, 
pp. 371-378). The authors present the results of a series of tests 
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in which various cutting fluids were used in turning steel, with single- 
point tools of high-speed steel. 

The Cutting Temperature in the Process of Turning and its Use 
as an Index of Machinability. H. Schallbroch and H. Schaumann. 
(Zeitschrift des Vereines deutscher Ingenieure, 1937, vol. 81, Mar. 
13, pp. 325-330). The authors show that in machining (lathe) 
tests, the cutting temperature developed may be regarded as 
characteristic of the material machined, while the cutting tempera- 
ture which a tool can withstand for a given period of time is 
characteristic of the tool material. 

Grinding Skin and the Retention of Cutting Power of the Ground 
Parts. F. Rapatz. (Stahl und Eisen, 1937, vol. 57, Mar. 4, pp. 
250-252). When grinding hardened steels in the workshops in the 
ordinary way, a grinding skin of variable thickness is often produced ; 
under similar grinding conditions this skin is thicker on alloyed 
than on unalloyed steel, though high-speed steels form an exception, 
owing to their greater resistance to tempering. Case-hardened steels 
appear to have a special tendency to form grinding skins, but no 
explanation for this can be offered. The author gives examples 
to show that the grinding skin reduces the ability of tools to retain 
their cutting power; in machine parts, the grinding skin likewise 
reduces the life. It is advisable to remove the surface stresses set 
up by grinding by an annealing treatment. 
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(Continued from pp. 234 A— 243 a) 


Relation of Mechanical Testing to Actual Performance of Steel. 
W. H. Clapp. (American Petroleum Institute: Steel, 1937, vol. 
100, Feb. 22, pp. 38-41, 74). The author discusses the value of 
mechanical tests as an indication of the behaviour of a particular 
steel in service. 

Importance of the Results of Materials Testing for the Structural 
Engineer. E. Siebel. (Stahl und Eisen, 1937, vol. 57, Feb. 25, 
pp. 196-202). Of the methods used for testing materials, mechanical 
testing methods are of special importance to the structural engineer, 
because they form the basis of all his design calculations. It must be 
remembered that test results can be transferred to design calcula- 
tion only with limitations, so long as all the interrelationships 
between the mechanical characteristics are not known exactly. 
Though the toughness values do not enter directly into design 
calculations, yet the behaviour of a material in a structural part 
is largely conditioned by them, for they determine the effects of 
stress peaks, self-stresses, &c. By influencing the toughness by 
varying the stress conditions, the engineer can, at first, obtain only 
a purely comparative appreciation of the corresponding test results. 
In carrying out and evaluating mechanical tests the technology of 
testing plays an important part, but, nevertheless, in designing 
these tests sight must not be lost of their true purpose, which is the 
provision of data for design purposes. 

Applications of the Wedge Extensometer. W.M. Wilson. (Pro- 
ceedings of the American Society for Testing Materials, 1936, vol. 36, 
Part II., pp.807-814). Thewedgeextensometer, as its name suggests, 
is an extensometer in which the properties of the wedge are used as a 
means of multiplying a very small change in distance between two 
points, thereby making possible a more accurate measurement of 
the change. The instrument when used by a skilled operator is 
both reliable and sensitive. It is limited in its field of application, 
but can be used in situations to which other extensometers are not 
adaptable. This paper consists of a description of several adaptations 
of the instrument as used by the author and by assistants working 
under his direction. 

The Influence of the Testing Machine on the Load Diagram of 
Materials. W. Spath. (Metallwirtschaft, 1937, vol’ 16, Feb. 19, 
pp. 193-195). The author discusses the influence of the springiness 
of the testing machine on the load-extension curves of materials 
when plastic deformation sets in gradually. He shows that very 
“hard ” springiness is favourable for detecting the critical limits ; 
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the usual limits, such as the 0-2% proof stress, are more or less 
affected by the springiness of the machine. 

High-Velocity Tension-Impact Tests. H.C. Mann. (Proceedings 
of the American Society for Testing Materials, 1936, vol. 36, Part 
II., pp. 85-109). Data are presented which definitely show that 
high-velocity tests are essential to reveal the true dynamic pro- 
perties of materials. The results obtained further indicate that in 
the selection of materials for use under conditions involving dynamic 
loading the following three significant factors must be considered : 


(1). The transition velocity within which normal material 
behaviour may be expected. 

(2). The ratio of total energy value to mass or volume of 
material involved. 

(3). The effect of surface irregularities such as tool marks, 
size and form of fillets, &c. 


The high-velocity tension-impact machine designed and built for 
this investigation is described, and the mathematical derivation of 
the equation used to calculate the energy required for rupture is 
given. Diagrams and photographs of typical fracture transitions 
are presented, showing the effect of velocity on both ferrous and 
non-ferrous materials. 


Impact Bend Testing of Wire. W. J. Farmer and D. A. S. Hale. 
(Proceedings of the American Society for Testing Materials, 1936, 
vol. 36, Part II, pp. 276-291). Two types of machine used in the 
industry for wire bend testing are described and their features dis- 
cussed with regard to their suitability for use as standard test 
methods. A bend tester known as the Bendometer operated by the 
impact of a pendulum has been developed by the Bell Telephone 
Laboratories, in collaboration with Subcommittee [IV of Committee 
B-4 of the American Society for Testing Materials. Results of 
typical tests with this machine are given, together with information 
gathered from ultra-rapid motion pictures taken of the machine 
in operation. It is concluded that the impact bending machine 
described offers a simple, rapid and accurate means of measuring 
the bending properties of wire, and that the information acquired 
from the test is directly applicable to design problems. 

Stress Distribution in Irregular Sections using Photo-Elastic 
Models. T.U. Matthew. (Journal of the Royal Technical College, 
Glasgow, 1937, vol. 4, Jan., Part 1, pp. 121-134). This paper deals 
with stresses set up in transparent models with photo-elastic 
properties. Detailed drawings are given of a simple reflection 
polariscope with auxiliary apparatus. The determination of the 
direction of the principal stresses from the isoclinic lines appearing 
on the strained model is shown, and also the method of evaluating 
the principal stresses at any point. An investigation of the dis- 
tribution of two-dimensional stress in welded joints and other 
sections containing irregularities is described. The results obtained 
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with celluloid models of the sections considered are shown by line 
charts and photographs. Comments are made on the necessity for 
adequate allowances being made for high stress concentrations. 
The dangerous effect of irregularities in a stressed section in forming 
points of high stress concentration is also demonstrated, especially 
where sharp changes of slope occur, and the necessity for complete 
penetration, adequate fillets or flush finishing in welded joints is 
shown to be essential if a full development of the joint strength is 
to be obtained. 

Dynamic Stress Measurements. S. Berg. (Zeitschrift des 
Vereines deutscher Ingenieure, 1937, vol. 81, Mar. 6, pp. 295-298). 
The stresses undergone by structural parts in operation can usually 
be determined only by dynamic stress measurements. The instru- 
ments developed for this purpose by the Deutsche Werke, Kiel, 
are principally mechanical-optical in character; they measure the 
extension, and from this the stress is calculated by Hooke’s law. A 
description is given in this article of a number of extensometers and 
their application. 

The Stresses in Rolls and Balls under Pressure. A. Leon. 
(Montanistische Rundschau, 1937, vol. 29, Feb. 16, Stahlbau- 
Technik, pp. 1-3). The author discusses the stresses set up and 
their location when two balls or two rolls with their axes parallel 
are pressed together; by assuming that one of the pair has a radius 
of infinite length the pressing of a roll or ball on to a flat surface 
is covered also. Fdéppl has shown that the maximum compressive 
stress does not occur at the point or line of contact of the bodies, 
but at a point within the metal, and it may exceed considerably the 
pressure at the point or line of contact. The author refers repeatedly 
to Féppl’s work. 

Investigation of a Crack in a Water-Tube. R. Walzel and R. 
Mitsche. (Stahl und Eisen, 1937, vol. 57, Mar. 11, pp. 270-272). 
The authors give an account of their examination of a burst water- 
tube in a twin-drum boiler. Micro-examination of the damaged 
tube and of another near to it showed that the burst was due to 
local overheating to about 800° C., following the formation of a 
steam pocket. By imitating the supposed heating and cooling 
conditions it was possible to develop artificially the structure found 
in the damaged tube. A comparison of the appearance of the crack 
with that of the fracture of tensile specimens pulled at suitable 
temperatures pointed to the attainment of a temperature of 800°, 
but the examination of the structure gave more conclusive evidence. 

Failure of Heat-Treated Steel Wire in Cables of the Mt. Hope, 
R.L., Suspension Bridge. W. H. Swanger and G. F. Wohlgemuth. 
(Proceedings of the American Society for Testing Materials, 1936, 
vol. 36, Part II., pp. 21-84). After the completion of the spinning 
of the ‘cables, but before the completion of the bridge structure, 
fractures were discovered in the cable wires of the suspension bridge 
across Mt. Hope Bay, Rhode Island, and it became necessary to 




















PROPERTIES AND TESTS. 283 a 


dismantle the partially completed bridge to prevent its collapse. An 
examination of the failed wire was carried out by the National Bureau 
of Standards, and the results are published in the present paper. 

Fatigue, Corrosion Fatigue and Corrosion. J. W. Donaldson. 
(Iron and Steel Industry, 1937, vol. 10, Feb., pp. 266-267). Areview 
of the work of various investigators on fatigue phenomena, corrosion 
fatigue and corrosion. 

The Influence of Vibrations on the Mechanical Properties of 
Structural Materials. G. Welter. (Zeitschrift fiir Metallkunde, 
1937, vol. 29, Feb.,-pp. 60-62). (See Welter and Bukalski, p. 177 A). 

Damage and Overstress in the Fatigue of Ferrous Materials. 
H. W. Russell and W. A. Welcker, jun. (Proceedings of the American 
Society for Testing Materials, 1936, vol. 36, Part II., pp. 118-138). 
Fatigue studies were made on twelve ferrous materials covering a wide 
range of structures and properties. These studies include the stress- 
cycle curve to high stresses of conventional polished specimens and 
of specimens with a square notch. The damage produced by over- 
stressing for a number of cycles insufficient to cause fracture was 
investigated with both polished and notched specimens. It is 
possible to establish with some definiteness a zone on the stress- 
cycle diagram, above the endurance limit, and bounded by a 
* damage line,” within which no damage is done to the specimen 
as indicated by its ability to run subsequently at the endurance 
limit for an indefinite number of cycles. A 0-35% carbon steel 
showed almost no resistance to over-stress, while notched specimens 
of wrought iron were remarkably resistant to damage by over-stress, 
the damage line almost coinciding with the stress-cycle curve. An 
attempt was made to find some correlation between the high-stress 
fatigue properties and the results of tension and impact tests. No 
clear-cut relations were found. However, some insight is given into 
the mechanisms of notch formation and notch propagation. 

Investigation of Fatigue Strength of Axles, Press-Fits, Surface 
Rolling, and Effect of Size. T. V. Buckwalter and O. J. Horger. 
(Transactions of the American Society for Metals, 1937, vol. 25, 
Mar., pp. 229-244). The authors present fatigue test data on 
2-in. dia. axles to show the great weakening effect on the axle due 
to the mounting of press-fitted members. It is shown that a press- 
fitted member reduces the fatigue strength of the axle to from 4 to 4 
of its potential strength available without the fitted member. Means 
of improving this weakening effect are described, whereby the fatigue 
strength of the usual press-fitted assembly may be made more than 
twice as great by surface rolling the axle at the press-fit seat. Refer- 
ence is made to the construction of a large fatigue-testing machine, 
capable of testing 134-in. dia. axles for investigating the “size”’ effect, 
heat treating, forging and problems associated with large sections. 

Influence of Thermal Self-Stresses on the Fatigue Strength. A. 
Thum and A. Erker. (Zeitschrift des Vereines deutscher Ingenieure, 
1937, vol. 81, Feb. 27, pp. 276-278). Experiments on steel specimens 
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showed that self-stresses of thermal origin, like other internal 
stresses, have an influence on the fatigue strength of the material. 
This influence may increase or diminish the danger of fracture, 
according to the situation of the stressed condition formed by the 
self-stresses and the load stresses. The effect of the self-stresses is 
retained permanently if creep, by which these stresses are more or 
less completely relieved, is prevented. Creep can easily be prevented, 
if the self-stress condition and the load-stress condition are polyaxial 
and if the stress are unevenly distributed over the cross-section. A 
beneficial effect of a suitable self-stress system can be expected 
therefore in bending and particularly at notches under any type of 
stressing. It would appear that it should be possible in practice to 
increase, by suitable heat treatment, the fatigue strength of parts in 
which suitable self-stresses cannot be developed mechanically. 
Some Aspects of the Fatigue Properties of Patented Steel Wires. 
Part III. Note on the Effect of Low-Temperature Heat Treatment on 
Decarburised Wires. E. T. Gill and R. Goodacre. (Iron and Steel 
Institute, Carnegie Scholarship Memoirs 1936, vol. 25, pp. 93-110). 
The findings made in an investigation of the effect of low-temperature 
heat treatment on the fatigue properties of wire drawn free from 
decarburisation have already been published in an earlier paper in 
this series, and it was considered that it would be advisable to carry 
out a similar investigation upon decarburised material. The same 
steels were used as before—containing 0-37, 0-55, 0-79 and 0-86% 
of carbon, respectively—drawn with varying reductions between 
34-5 and 90% and tempered at 150°, 200°, 300° and 400°C. 
The criterion of the occurrence of decarburisation was the presence 
of an envelope of free ferrite in the rod visible at a magnification 
of 100; the visible depth on the finished wire was found to vary 
between 0-0005 and 0-002 in. The results show that, although the 
general mechanical properties suggest a similar trend for both 
conditions of surface, the fatigue properties of the decarburised wire 
after low-temperature heat treatment are very different from those 
of the corresponding material free from decarburisation. The 
fatigue limits become erratic, especially for the higher carbon 
contents. There appears to be an optimum carbon content giving 
the best fatigue-resisting properties; an increase above this value 
actually gives lower limiting fatigue stress values after heat treat- 
ment. As the carbon content increases, the tempering temperature 
to obtain the best fatigue-resisting properties must be raised. The 
limiting fatigue stresses obtained for decarburised wire after temper- 
ing are very much lower than those found for the corresponding 
material drawn free from decarburisation, the differences for the 
best recorded figures for each condition of surface being + 6-9, 
+ 6-6, + 10-2 and + 17-9 tons per sq. in. for the 0:37, 0-55, 0-79 
and 0-86% carbon steels respectively. No attempts were made 
to find possible explanations for the results obtained, but it is thought 
that they are due to the conditions of internal stress which exist 
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between the true structure of the material and the decarburised 
skin. 

Some Aspects of the Fatigue Properties of Patented Steel Wires. 
Part IV. A Study of the Endurance Properties at High Stresses. 
R. Goodacre. (Iron and Steel Institute, Carnegie Scholarship 
Memoirs, 1936, vol. 25, pp. 111-139). Under certain conditions 
of service, cold-drawn wire may be subjected to alternating stresses 
the magnitude of which is considerably in excess of the limiting 
fatigue stress for the material, and consequently some knowledge 
of its behaviour under such conditions is very desirable. Attention 
was given to this aspect of the fatigue properties of wire in the first 
paper of this series, and in the work described in the present memoir 
a study was made of the effect of alternating stresses of high magni- 
tude upon cold-drawn wires. The materials investigated cover a range 
of steels, the carbon contents of which varied between 0-36 and 
0-86%, drawn from both lead- and air-patented rods. The amount 
of drawing varied between 25 and 90% reduction, and parallel tests 
were carried out on normal decarburised material and on wire 
which had been drawn free from decarburisation. All wires were 
tested at 0-080 in. dia., and the ranges of stress were so chosen that 
fracture occurred after approximately 20,000-100,000 repetitions 
of stress had been applied, the Haigh-Robertson machine being 
used. Tensile and bend tests were also recorded for each wire. 
From the results obtained it is concluded that, whilst at very high 
stresses decarburised wire has the superior endurance, in the ranges 
which are likely to be met in service wire free from decarburisation 
is superior. For decarburised material the endurance properties 
show only a small variation over all the conditions observed, but the 
maximum properties appear to be developed in a tensile strength 
range of 100-110 tons per sq. in. The endurance properties of wire 
drawn free from decarburisation increase progressively as the 
tensile strength rises. The existence of critical amounts of cold- 
working is not confirmed, but further evidence is given to suggest 
that the reverse bend test as usually carried out for wire is only an 
endurance determination made at a very high stress, and as such 
should be used only for the comparison of similar wires. 

Fatigue Fracture and Brittle Fracture. A. Smekal. (Metall- 
wirtschaft, 1937, vol. 16, Feb. 19, pp. 189-193). The author first 
describes the appearance of a fatigue fracture and that of a brittle 
fracture, and then discusses the mechanisms of their occurrence. 
He shows that the division of the fractured surface into two zones 
in a brittle fracture, as in a fatigue fracture, depends on a change in 
the mechanism by which fracture occurs, which is caused by the 
diminution of the sectional area of the specimen in the test itself. 

New Laboratory Data Relative to Embrittlement in Steam Boilers. 
F. G. Straub and T. A. Bradbury. (Transactions of the American 
Society of Mechanical Engineers, 1936, vol. 58, pp. 389-390). (See 
Journ. I. and §.I., 1936, No. II., p. 140 4). 
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Effect of Concentrated Sodium Hydroxide on Boiler Steel Under 
Tension. A. S. Perry. (Transactions of the American Society of 
Mechanical Engineers, 1936, vol. 58, pp. 211-216). The study 
reported in this paper was undertaken primarily for the purpose 
of developing failures in typical boiler-plate under tension and in 
contact with high concentrations of sodium hydroxide in aqueous 
solution. The failures occurring were examined carefully for 
evidence commonly considered indicative of caustic embrittlement. 
Photomicrographs are presented showing the presence of both 
intercrystalline and transcrystalline cracks. The author also 
includes a discussion of riveting pressures, inasmuch as such pressures 
tend to affect the stresses in the fabricated unit. Impurities in 
the metal used for rivets and plates are also considered. As a 
result of these studies it is concluded that whereas the stresses in 
the fabricated unit and the concentration of caustic in solution 
may be primary causes for the development of the phenomenon 
of caustic embrittlement, other factors contributing to the metal 
stress and perfection of the fabricated unit may logically be con- 
sidered in arriving at the fundamental cause of embrittlement. 
Typical of these factors are (a) riveting pressures, and (b) the purity 
and uniformity of the rivet and plate metal. A more careful 
consideration of the nature of the resulting cracks in boiler failure 
will indicate the presence of both transcrystalline and intercrystalline 
cracks; and finally it is pointed out that intercrystalline cracks 
may not always be associated with caustic attack. 

Effect of Solutions on the Endurance of Low-Carbon Steel Under 
Repeated Torsion at 482 F. (250C.). W. C. Schroeder and E. P. 
Partridge. (Transactions of the American Society of Mechanical 
Engineers, 1936, vol. 58, pp. 223-231). The stresses to which the 
steel in a boiler is subjected may be divided into (a) static stresses 
and (b) repeated stresses. A great deal of experimental work at 
boiler-water temperatures has been directed towards the determina- 
tion of the effect of solutions on the physical properties of the steel 
as measured by static tests, but repeated-stress testing under these 
conditions has received comparatively little attention. In the 
investigation discussed in this paper, repeated torsion testing with 
a rather slow repetition of the stress was used to measure the com- 
parative effect of air, water, sodium hydroxide and other solutions 
on steel at 482° F. Under the conditions investigated it was found 
that water caused failure more rapidly than air, and sodium 
hydroxide caused failure more rapidly than water. Sodium chloride 
and sodium sulphate in aqueous solution had no different effect from 
that of water alone. Sodium carbonate and trisodium phosphate in 
water had about the same effect as sodium hydroxide. The addition 
of sodium carbonate in solution, or sodium sulphate as excess solid 
to the sodium hydroxide did not prevent the action of the sodium 
hydroxide in these repeated torsion tests. It was found that by the 
addition of either sodium or potassium chromate or sodium nitrate 
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to the sodium-hydroxide solutions, the action of the sodium hydrox- 
ide could be prevented, and the endurance of the specimen under 
the test conditions could be brought up to a value at least as high 
as that for water alone. The endurance of the specimens does not 
appear to have been directly related to surface corrosion or pitting. 

Magnetic Anisotropy of Iron in Relation to the Temperature. 
E. F. Titow. (Physikalische Zeitschrift der Sowjetunion, 1936, 
vol. 10, No. 3, pp. 337-347). Starting out from Akulov’s theory, 
it is shown that the character of the anisotropy of the iron crystal is 
not dependent on the temperature; only the absolute value of the 
anisotropy constant varies. A formula for calculating this con- 
stant is given; by its use the dependence of the magnetic properties 
of iron on the temperature can be calculated. The test results for 
single crystals and polycrystals of iron agree well with the theory over 
the temperature range 0-450° C. 

Sixth Conference on Thermal Studies. (Chaleur et Industrie, 
1937, vol. 18, Jan., pp. 3-47; Feb., pp. 55-94). An account is given 
of the proceedings at the Sixth Conference on Thermal Studies and 
the General Constitutional Meeting of the French Centre d’Etudes 
Thermiques (Centre for Thermal Studies), held in Paris on Dec. 
17, 1936. The papers, of which a list is given below, dealt with the 
conduction of heat in various media and thermal insulation : 


Petit: Communication, forming the link between the Fifth and Sixth Con- 
ference on Thermal Studies, on the subject of the Cowper stove. 

A. Portevin : The thermal and electrical conductivities of alloys. 

L. NIsoLtE: Temperature regime and flux in a plane surface heated 
periodically. 

Braun: Thermal conductivity in gases. Air cells. Filling materials. 

RisaupD: Thermal conductivity of porous and powdered materials. 
Theoretical study. 

A. Ngesst: Conduction of heat in structural materials. 

H. Cassan: Note on three years of research on the thermal conductivity of 
refractory materials in the laboratories of the Compagnie Générale de 
Construction de Fours. 

P. VERNOTTE : The measurement of the thermal conductivity of solid bodies. 

P. BremMonp: Influence of the conductivity on the internal heating of a 
refractory body and its effect on its strength at high temperatures. 

J. Grarr: Peculiarities of the problem of heat insulation in the refrigerating 
industry. 

A. AUBERT: The coefficients of conductivity of insulating and refractory 
materials.—Practical data. 

P. DE Groote: The heat loss through the walls of tank furnaces used in 
glassworks. 


The paper by Petit is not printed here with the others. 

Co-operative Study of a Stable 18 Cr, 8 Ni Steel Without 
Stabilising Additions. (Transactions of the American Society of 
Mechanical Engineers, 1936, vol. 58, pp. 115-116). In a study of the 
high-temperature properties of 18% chromium, 8% nickel steel by the 
Joint Committee of the American Society for Testing Materials 
and the American Society of Mechanical Engineers, it was found that 
two heats water-quenched from 2000° F. appeared exceptional in 
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their resistance to high-temperature deterioration. A very high 
notched-bar impact resistance of rolled specimens was found to be 
maintained after the specimens had been subjected to creep tests 
at temperatures of 1200° to 1400° F. for a period of 600 to 1600 hr. 
Even with a carbon content of 0-125% several specimens showed 
no loss of impact resistance, while the lower carbon heat (0-06% 
carbon) fully retained its great toughness. Both heats were produced 
in an induction furnace without the addition of any stabilising 
elements such as titanium and niobium. The results obtained 
raised the question whether the high impact resistance of specimens 
tested after creep indicated that the application of stress at high 
temperatures inhibited change, and a further study was made of that 
factor. This included not only the non-sensitive low-carbon 18% 
chromium, 8% nickel steel (K19), but also another heat of low-carbon 
18% chromium, 8% nickel steel (K9). The data obtained suggested 
that embrittlement measured by impact resistance may go on at a 
slower rate in a stressed than in an unstressed specimen (See Journ. 
I. and §.I., 1935, No. II., p.473). It was thought that thin specimens 
might be expected to be more susceptible to alteration that more 
massive ones, and therefore the K19 material of both high and low 
carbon contents was studied in thin sheet or strip form, and the 
results are reported. No appreciable loss of ductility nor impair- 
ment of physical properties was found, regardless of the time or 
temperature of heating, or whether the specimen was stressed or 
not. It would appear that the K19 steel is extremely resistant to 
deterioration when subjected to temperatures of 1200° or 1400° F. 
for extended periods of time, but whether this remains true for 
shorter heating cycles is not yet known. 

The Creep Curve and Stability of Steels at Constant Stress and 
Temperature. S. H. Weaver. (Transactions of the American 
Society of Mechanical Engineers, 1936, vol. 58, pp. 745-751). 
The creep rate for steels at constant stress and elevated temperature 
is composed of (1) the strain-hardening with a rate which varies 
inversely with time, and (2) an asymptotic constant creep rate. The 
sum gives the creep rate at any time, and the formula for the total 
creep-extension curve. For steels with a physical or structural 
change during creep, a third quantity must be added to the creep- 
extension formula, the test value of the quantity indicating the 
degree of instability of the test metal. To illustrate four of the 
principal types of instability, the author presents four sets of long- 
time creep tests extending from 5500 hr. to 5 years. They represent 
changes due to (1) carbide spheroidisation, (2) ferritic banding, 
(3) dendrites, and (4) alloy segregations. 

Design Aspect of Creep. RK. W. Bailey. (Transactions of the 
American Society of Mechanical Engineers, 1936, vol. 58, pp. Al-6). 
An abridgement on the author’s paper read before the Institution of 
Mechanical Engineers, Nov., 1935. (See Journ. I. and S. I., 1936, 
No. I., p. 93 4.). 


2 








ac 
vo 
slo 
in 


an 
Me 
pre 
the 
is | 
log 


stre 
for 

for 

rele 
see} 
per 
cret 
con 
stre 
ver 
log. 
am 


Sod 
Eng 
met 
seve 
rati 
em] 
pre} 
for 

tem 


Stee 
Soci 
autl 
on © 
stee 
The 
app! 
fron 


cent 
Ame 
150) 








PROPERTIES AND TESTS. 289 a 


The Creep of Metals—I. A. Nadai and E. A. Davis. (Trans. 
actions of the American Society of Mechanical Engineers, 1936, 
vol. 58, pp. A 7-14). The authors discuss a few simple cases of the 
slow flow of solids with particular reference to the creep of metals 
in the strain-hardening range. 

A Method of Analysing Creep Data. R. G. Sturm, C. Dumont 
and F. M. Howell. (Transactions of the American Society of 
Mechanical Engineers, 1936, vol. 58, pp. A 62-66). The authors 
present a method for studying creep data which has been in use for 
the past four years at the Aluminium Research Laboratories. It 
is shown by graphs that a linear relationship exists between the 
logarithm of the creep and the logarithm of the elapsed time for 
a given material at ordinary room temperatures and constant 
stress. This is established by the fact that the logarithmic curves 
for a given material at a constant temperature have a constant slope 
for a relatively wide range of stresses. It is pointed out that the 
relative effect of cold-working upon the strength of different metals 
seems to explain the behaviour of the metals when failure is im- 
pending, this being indicated by the tendency of the logarithmic 
creep-time curves to depart from straight lines. The authors 
conclude that when homologous stresses based on the tensile 
strength of the material are considered, different materials exhibit 
very similar characteristics in the relationship between the homo- 
logous stress and the logarithm of the time necessary for a given 
amount of creep to occur. 

The Interpretation of Creep Tests for Machine Design. C. R. 
Soderberg. (Transactions of the American Society of Mechanical 
Engineers, 1936, vol. 58, pp. 733-743). The author presents a 
method of interpreting creep-test data and applies the method to 
several problems of machine design. The method involves a 
rational theory of plastic flow in polycrystalline materials to which 
empirical results from actual tests can be applied. The basic 
premise of the theory proposed is that the facts already established 
for plastic flow at “‘ normal temperature ”’ remain valid for higher 
temperatures as well. 

Long-Time Creep Tests of 18 Cr, 8 Ni Steel and 0-35 per cent. Carbon 
Steel. H.C. Cross and F. B. Dahle. (Transactions of the American 
Society of Mechanical Engineers, 1936, vol. 58, pp. 91-96). The 
authors present a report on long-time creep tests now in progress 
on water-quenched 18% chromium, 9:-5% nickel, 0-067% carbon 
steel at 1200° F., and on an annealed 0-35°% carbon steel at 850° F. 
The stresses used were estimated to produce rates of deformation of 
approximately 0-0001% perhr. The tests to date have proceeded for 
from 4000 to 7000 hr. 

Report on Long-Time Creep Tests of 18 per cent. Chromium, 8 per 
cent. Nickel Steel, and 0:35 per cent. Carbon Steel. (Proceedings of the 
American Society for Testing Materials, 1936, vol. 36, Part I, pp. 143- 
150). The continuation of the progress report presented to the 
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American Society of Mechanical Engineers (see preceding abstract). 
The data presented emphasise the fact that extrapolations based on 
the assumption that the rate of creep determined at the end of 1000 hr. 
or so will continue at that rate, may be misleading. The fact is made 
evident that a thorough-going knowledge of the extent of the 
strain-hardening temperature range of a material must be added to 
the usual creep data, determined in or near that range, before sound 
design figures can be set. 

Short-Time Tensile Tests at 850 F. of the 0-35 per cent. Carbon Steel 
Material K20. (Transactions of the American Society of Mechanical 
Engineers, 1936, vol. 58, pp. 97-101). The results are reported of 
short-time tensile tests carried out on K20 steel containing 0-35% 
of carbon. 

Phosphorus as an Alloying Element in Steels for Use at Elevated 
Temperatures. H.C. Cross and D. E. Krause. (Metals and Alloys, 
1937, vol. 8, Feb., pp. 53-58). The authors report the results of an 
investigation on the effect of phosphorus in carbon and alloy steels. 
Short-time tensile tests were carried out at room temperature and at 
750°, 850° and 950° F. Creep tests were carried out between 850° and 
950° F. The conclusions are as follows: Phosphorus raises the 
tensile strength and yield strength of 0-10 to 0-17% carbon steel at 
temperatures of 750, 850 and 950° F. with little change in static 
ductility. It likewise produces better resistance to deformation 
under sustained load at elevated temperatures as determined by 
long-time tension or creep tests. It exerts a greater influence on 
the creep resistance in the presence of chromium. Phosphorus 
acts much like tungsten and molybdenum in imparting greater 
tensile and yield strengths and resistance to deformation under 
sustained loads at elevated temperatures. It might be used in 
place of molybdenum. When used in various combinations with 
chromium, molybdenum, copper, silicon and manganese with 
carbon contents up to about 0-18%, phosphorus additions show 
promise in producing low-cost steels suitable for bolting stock used 
at elevated temperatures. When used in proper alloy combinations, 
steels to which phosphorus has been added show a satisfactory 
notch toughness as heat-treated, and also after exposure to tempera- 
ture in the creep test. 

General Summary and Comparison of Procedure and Results 
Obtained on Co-operative Study of Low-Temperature Impact Testing 
of 0-35 per cent. Carbon Steel (K20). R. Sergeson and S. W. Poole. 
(Proceedings of the American Society for Testing Materials, 1936, vol. 
36, Part I., pp. 132-142). The results are reported of low-temperature 
impact tests on 0-35% carbon steel carried out at eleven different 
a, The tests were conducted at 70°, 25°, 0°, “—25°, and 
—50° F. 

Oxygen in Steel. R. Castro. (Bulletin de la Société d’Encourage- 
ment pour |’Industrie Nationale, 1936, vol. 135, Dec., pp. 677-688). 
After reviewing briefly the forms in which oxygen may occur in 
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steel (dissolved, and as inclusions) and methods of estimating it, 
the author discusses the influence of dissolved oxygen on the 
properties of the metal (abnormality, structural hardening (a) 
after quenching and (b) after deformation, hot-shortness, the 
macrostructure revealed by cupric etching reagents), and the 
effect of oxygen when in the form of inclusions. 

Effect of Titanium on Some Properties of 17:5 per cent. 
Chromium Steel. G.I’. Comstock and C. L. Clark. (Metalsand Alloys, 
1937, vol. 8, Feb., pp. 42-46). The authors describe an investigation 
carried out to determine the influence of titanium additions on 
certain physical characteristics of 17-5°%, chromium steel containing 
0:20 to 0:30% of carbon. Hardness, oxidation and creep tests were 
carried out, and the microstructures were examined after various 
treatments. The following conclusions are drawn : Steels containing 
about 17:-5% chromium and 0-2 to 0:3% carbon with not over 
0-25%, titanium require annealing to soften them below 200 Brinell 
after forging, but similar steels containing over 1% titanium do not. 
The tensile properties of all these steels, forged and annealed, con- 
taining zero to 2% titanium, were satisfactory at room temperature 
and at temperatures of 1000°, 1200° and 1400° F. Titanium seemed 
to improve some of the elastic properties at high temperature, and 
especially the proportional limit at 1000° F. Titanium improved 
the resistance to oxidation at 1600° and 1800° F. and 0-25°% seemed 
to be sufficient for a marked improvement at 1600° F. With higher 
titanium the oxidation at 1800° F. was localised. The steel with 
higher carbon and 0-25% titanium showed the best resistance 
to creep under 6000 lb. per sq. in. load at 1100° F., but higher 
titanium contents impaired the creep resistance. Titanium improved 
the ductility of this steel after subjection to the creep test, the 
ductility of the titanium steel being increased by creep testing, 
while that of the non-titanium steel was lessened. The titanium 
additions increased the structural stability of these steels, for in 
none of the alloys containing titanium were the structural changes 
after creep testing at 1100° F. so detrimental as in the plain 
chromium steel. 

The Effect of Phosphorus on the Mechanical and Corrosion- 
Resisting Properties of Low-Carbon and of Low-Alloy Structural 
Steels. J. A. Jones. (Iron and Steel Institute, Apr., 1937; this 
Journal, p. 113 P.). The relative properties of a variety of carbon 
and low-alloy structural steels of low and high phosphorus content 
are reviewed. The generally accepted opinion is confirmed that the 
carbon content must be kept low in high-phosphorus steels. The 
addition of phosphorus alone will not give an adequate increase in 
tensile strength to meet the requirements of the British Standard 
Specification for high-tensile structural steel while still maintaining 
the other desirable properties. In the presence of other alloy 
elements, phosphorus acts generally as in plain carbon steels. The 
influence of manganese, copper, chromium, silicon and molybdenum 
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is discussed in this connection. In order to compensate for the low 
carbon in high-phosphorus steels, the alloy content must be higher 
than would otherwise be necessary. A high silicon content is 
particularly effective in obtaining a tensile strength of over 35 
tons per sq. in. For structural purposes calling for maximum 
tensile strength, high-phosphorus steel is not suitable, owing to its 
low notched-bar impact strength. A steel of normal phosphorus 
content is to be preferred, as this is free from the necessity to restrict 
the carbon content, and enables a tensile strength of 37 tons per 
sq. in. to be obtained without the disadvantages accompanying the 
use of high phosphorus contents. No evidence of increased corrosion- 
resistance due to high phosphorus content is found. Where such 
effects have been observed, they are accounted for by other alloying 
elements. 

Phosphorus in Steel. (Metallurgist, 1937, Feb. 26, pp. 7-9). 
A review of the work of Ristow, Daeves and Schulz on the effect 
of phosphorus on the properties of basic carbon steel, carried out for 
the Steelworks Committee and the Committee of Materials of the 
Verein deutscher Eisenhiittenleute (see Journ. I and S.I., 1936, 
No II., p. 231 a), and of Andrew and Swarup on the effect of 
phosphorus on the tensile and shock-resisting properties of certain 
alloy steels, carried out for the Alloy Steels Research Committee 
of the Iron and Steel Industrial Research Council (Iron and Steel 
Institute, 1936, Special Report No. 14). 

Some Properties of Commercial Steel Sheets Containing Additions 
of Copper, Manganese, Chromium and Phosphorus. 8. C. Britton. 
(Iron and Steel Institute, Apr. 1937; this Journal, p. 161 P.). An 
examination has been made of six commercial steels in sheet form, 
having additions of one or more of the elements copper, chromium, 
manganese, silicon and phosphorus. Atmospheric corrosion tests on 
small samples at Derby showed, after 300 days, reductions in the rate 
of corrosion over that of a steel of ordinary quality, containing 0-:09% 
copper, of 30-32% for additions of chromium, copper, phosphorus and 
silicon, 19-27% for additions of copper and chromium, and 12-14% 
for additions of copper with or without manganese. When the 
steels are painted, there is little difference in the time taken for 
rust to appear, but the high-phosphorus steels appear to advantage 
after rusting has made some progress. Sheets having additions of 
copper with chromium, manganese or chromium, silicon and 
phosphorus all had good mechanical properties, the ductility of the 
steels with high contents of silicon and phosphorus being equal to 
that of the others. All showed a slight reduction in ductility and 
an increase in hardness on ageing after strain, but in no case was this 
sufficiently marked to affect the practical usefulness.” The greatest 
tensile strength was associated with the manganese addition, but 
considering both the mechanical properties and corrosion resistance, 
steels with additions of copper, chromium, phosphorus and silicon 
together seemed to be the most promising of the types tested. 
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Cupping tests seemed to be the most satisfactory method of follow- 
ing the course of ageing effects in sheet, although tensile test 
measurements gave corroboratory evidence. An attempt to produce 
the necessary strain with the Erichsen machine was reasonably 
successful, and thus the whole of the mechanical part of the test can 
be carried through with it if desired. 

Cast Iron and its Applications to Engineering. A. Campion. 
(Institution of Engineers and Shipbuilders in Scotland: Foundry 
Trade Journal, 1937, vol. 56, Feb. 18, pp. 153-156, 158; Feb. 25, 
pp. 172-174). The author points out the chief features of the 
processes that have been introduced for the production of high-duty 
cast iron, and discusses the properties of Meehanite iron. 

Tension and Notched-Bar Tests on an Alloy Steel. J. Muir. 
(Journal of the Royal Technical College, Glasgow, 1937, vol. 
4, Jan., Part 1, pp. 1-11). Experiments are described which arose 
out of a request for tests on specimens cut from a crank-web of 
nickel-molybdenum alloy steel which had fractured in service. 
The results of ordinary tension, Brinell hardness and notched-bar 
bend tests, made with a Hounsfield tensometer, are given. An 
investigation is made of the effects produced (i) by annealing at 
700° C., 800° C., 900° C. and 1000° C.; (ii) by rapid cooling from 
900° C. in an air-blast, in oil and in water; and (iii) by tempering 
samples which had been oil-hardened from 900° C. by heating to 
from 500° to 750° C. and allowing them to cool in room air. As 
attention is seldom, if ever, given to the importance of the magnitude 
of the strain which occurs at a yield point, special experiments were 
made to measure yield-point strains. It is suggested that the heat 
treatment which left the material in the condition giving greatest 
yield-point strain and stress was probably the most suitable; and 
that the usual specification of heat treatment, “ oil-harden, temper 
and eye eel might be replaced by “ air-harden, temper and 
air-cool.”’ 

Chromium-Manganese Steels. (Metallurgist, 1937, Feb. 26, 
pp. 11-13). A review of the work of various investigators on the 
constitution of iron-manganese-chromium alloys and the properties 
of chromium-manganese steel. 

Molybdenum-Tungsten High-Speed Steel is Finding Wide Accep- 
tance in Industry. (Steel, 1937, vol. 100, Mar. 15, pp. 66-68, 98). 
Particulars are given of the composition and properties of molybde- 
num-tungsten high speed steel marketed under the name of Mo-Max. 

Alloy and Fine-Grained Steels for Locomotive Coupling Rods. 
H. O’Neill. (fron and Steel Institute, Apr., 1937; this Journal, p. 
187 p.). The mechanical properties of heat-treated nickel-chromium- 
molybdenum and manganese-molybdenum steels which have given 
good service as locomotive coupling rods are discussed, and certain 
unusual features infrequently observed in the latter are described. 
One of these features is banding, and another concerns variable values 
for the Izod impact tests. The view is expressed that, owing to local 
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heterogeneity on perhaps only a microscopic scale, some portions 
of the steel enter the A, transformation interval during tempering 
which has been conducted at a nominally correct temperature. 
The result is to produce transformed structures giving impaired 
Izod values in the affected localities. Manganese-molybdenum 
steels of controlled inherent fine grain size have furnished uniformly 
satisfactory results. Particulars are given of plain carbon steels of 
inherent fine grain size which yield practically the same mechanical 
test values as low-alloy steels and are giving satisfactory perform- 
ance, both during manufacture and in service as coupling rods. 
Their Izod notched-bar values are notably high. Laboratory 
investigations of forgings from two commercial casts of fine- and 
coarse-grained plain carbon steel of a given composition suitable 
for coupling rods are described. The McQuaid-Ehn carburising 
test has been compared experimentally with various other methods 
of inherent grain size determination. It was found to be satisfactory 
for differentiating these two casts of steel, though strain-hardened 
samples should be avoided. Methods involving a range of tempera- 
ture are, however, perhaps more useful in general. A temperature- 
gradient chlorine-etching test has been developed for this purpose, 
which is rapid and suitable for laboratory purposes. As regards 
depth of carburising and decarburising, flame-cutting, machining 
and cold-working properties, no important differences were observed 
between these fine- and coarse-grained qualities. The hardness 
gradients in oil-quenched blocks were similar. The coarse-grained 
steel hardened more intensely and more deeply on water-quenching, 
however, and was slightly harder after oil treatment. The coarsen- 
ing induced in both types of steel at 1000° C. is removed by subse- 
quent heat treatment, but in one test made after soaking at 1230° C. 
for 4 hr. the fine-grained steel was not fully restored to its normal 
Izod value. Very high process temperatures of this order should 
therefore be avoided if very high Izod values are finally desired. 
Actual physical grain size per se is not considered to be the prime 
cause of the great differences in Izod value observed in the two types 
of steel. 

The Use of Alloy Steels for Side Frames and Bolsters of Freight- 
Car Trucks. D.S. Barrows. (Transactions of the American Society 
of Mechanical Engineers, 1936, vol. 58, pp. 727-731). The author 
reviews briefly the use of different types of side frames for railway 
freight-car trucks, including archbar side frames, cast-steel side 
frames with separate journal boxes, and side frames with the journal 
boxes cast integral with the truss members. He discusses the present- 
day trend toward the use of high-tensile-strength cast alloy steel 
for truck side frames and bolsters, and gives results of static and 
dynamic tests made on truck members cast from alloy steel and 
A.A.R. Grade-B steel. 

** Roneusil.”’ A Silver-Coloured Rustless Steel Alloy for the 
Decorative and Table-Ware Industry. K.Fuchs. (Metallwirtschaft, 
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1937, vol. 16, Feb. 26, pp. 215-220). The author describes the 
properties and mode of working of ‘‘ Roneusil,”’ a new rustless steel 
alloy, with the colour of silver, which is suitable for making table- 
ware, kitchen utensils, &c. It is stated to be a chromium-manganese 
steel with low chromium and higher manganese contents. The 
metal is resistant to food, fruit and organic acids and alkali and salt 
solutions, but not completely so to strong mineral acids; its resist- 
ance also depends somewhat on the surface condition, and is reduced 
by surface deformation, excessive cold deformation and unsuitable 
heat treatment. 

The Examination of Colliery Wire Ropes in Service. M. A. 
Hogan. (National Association of Colliery Managers: Iron and Coal 
Trades Review, 1937, vol. 134, Feb. 26, pp. 393-395). The author 
discusses the deterioration of wire ropes in service and methods of 
detecting rope failure. 
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Identification of Non-Metallic Inclusions in Steel. R. Graham 
and R. Hay. (Journal of the Royal Technical College, Glasgow, 1937, 
vol. 4, Jan., Part 1, pp. 77-84). Non-metallic inclusions which 
occur in steel can be identified approximately by microscopic 
examination with the assistance of polarised light and dark-field 
illumination. The presence of substances in solution often con- 
siderably alters the appearance of inclusions, and so renders their 
identification difficult and liable to error. For this reason the 
possibility of using microchemical methods was investigated. This 
proved successful, and a technique for the identification of iron, 
manganese, silicon, aluminium and calcium in inclusions has been 
developed. 

The Graphite Structure of Grey Cast Iron and its Modification. 
J. G. Pearce. (International Foundry Congress, Diisseldorf, 1936 : 
Foundry Trade Journal, 1937, vol. 56, Mar. 18, pp. 229-231; 
Mar. 18, pp. 250-251, 256). The author reviews the work carried 
out during the past eight years by the British Cast Iron Research 
Association, and describes a method of grain refinement as far as it 
has been worked out. 

The Formation of Graphite in the Pyrolysis of Organic Compounds. 
W. Hook. (Iron and Steel Institute, Carnegie Scholarship Memoirs, 
1936, vol. 25, pp. 81-91). A study has been made of the formation 
of carbon in the solid phase by investigating the carbonisation of 
glucose, sucrose, starch, lignin, gelatine and glycine. Certain 
properties of the cokes prepared from these substances over a range 
of temperature up to 1000°C. have been determined, and it has 
been shown that there exists, in the neighbourhood of 700° C., a 
critical temperature at which very pronounced changes take place 
in the physical and chemical properties of the carbons. This 
critical point marks the temperature at which the liberation of 
metallic electrons occurs or, in other words, the commencement of 
graphitisation. The cokes from the nitrogenous compounds con- 
tained relatively large amounts of stably bound nitrogen, and a 
comparison of the analyses of the carbohydrate and nitrogenous 
cokes suggests that oxygen and nitrogen may be bonded in a similar 
manner in the graphite lattice. 

The Effect of Heat Treatment, Ageing, and Working upon the 
Condition of Carbon in Steel. ©. L. Shapiro. (Iron and Steel 
Institute, Carnegie Scholarship Memoirs, 1936, vol. 25, pp. 141- 
196). This memoir describes, in Parts I. and II., the effect of heat 
treatment, ageing and mechanical deformation upon the condition 
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of carbon in steel, and shows that (a) ‘‘ missing” and “ excess ”’ 
carbon in the colour carbon test are due to the variation in the 
size of the iron carbide particles, (b) ageing in carbon steels is due 
to carbide precipitation and agglomeration, and may be measured 
quantitatively, and (c) the ageing ability of a steel is influenced by 
its structural condition and the degree of mechanical deformation, 
which affect the condition of the iron carbide particles. Part III. 
describes and illustrates (a) the mechanism by which pearlite 
divorces, (b) the factors which influence the rate of spheroidisation, 
(c) the formation of pearlite from spheroidised cementite, (d) the 
factors which influence the «-y transformation, and (e) the 
mechanism of the «~y conversion. Allotropy in steel is shown to 
extend over a temperature interval, and results in the formation 
of a varying solid solution of carbon in y-iron. The transition 
aggregate obtained by quenching this varying solid solution is 
composed of either three or four constituents and is termed “ sau- 
veurite.”’ Sauveurite is defined, discussed and _ illustrated in 
Part IV. of this memoir. 

Very Finely Divided Non-Metallic Inclusions, and the Action of 
Kindred and Foreign Nuclei. R.Mitsche. (Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1936, vol. 25, pp. 41-62). This 
work deals with the effects of non-metallic inclusions, a distinction 
being drawn between those which are visible under the microscope 
and those which are submicroscopic. The latter are designated as 
“slag clouds,” and there are several possible ways of identifying 
them: By the residue method, by examination under the fluores- 
cence microscope, and by the effects of the clouds on the structure 
and properties. Each of these possibilities is discussed in detail. 
A “general theory of nuclei and clouds ”’ is put forward, whereby 
it is shown that transformation processes (such as solidification, 
and changes within the solid state) can be explained only through 
the combined working of two different kinds of nuclei, described as 
“kindred ” and “ foreign’ respectively. The nuclei, in order to be 
operative, must be present in sufficient number and in a state of 
sufficiently fine sub-division, and they must be stable in this 
condition—which implies that in general the foreign nuclei must be 
in the form of slag clouds. The effect of the clouds is not specific— 
that is to say, clouds of qualitatively different compositions may act 
in the same or similar ways. The combined working of silicon and 
aluminium produces a suitable cloud for melts in which iron is the 
main component. The proposed theory is checked by experiments. 
For the purpose of studying the phenomena of solidification reference 
has been made to pure aluminium melts, which serve mainly to show 
the effect of kindred nuclei. The influence over the phenomena of 
transformation exerted by foreign nuclei is shown by reference to 
the recrystallisation of a eutectic Al-Si alloy. The theory is then 
applied to the question of the sizes of grain in steels, and it is shown 
that consideration of kindred and foreign nuclei is necessary in 








298 a METALLOGRAPHY AND CONSTITUTION. 


order to explain the facts. As regards the foreign nuclei it is pointed 
out, in particular, that the effect is due to clouds formed jointly by 
aluminium and silicon. It is shown that the working of deoxidisers 
must also be considered from the point of view of their ability to 
form clouds of this kind. On the basis of the knowledge set forth 
in the present work, consideration is then given to the criticisms 
raised by McQuaid regarding the assumption of a purely cloud effect 
of alumina. Finally the connection between the questions here 
discussed and the problem of the flotation of non-metallic inclusions 
in metallic melts is discussed, and it is shown that it may be tech- 
nically desirable, according to circumstances, either to remove the 
latter or to maintain them under predetermined conditions of 
quantity and distribution. 

Martensite. (Metallurgist, 1937, Feb. 26., pp. 9-11). A review 
and discussion of the ideas of A. von Vegesack on the nature of 
martensite. According to von Vegesack, martensite at the instant 
of formation contains only the normal carbon content of «-iron. 
(See Journ. I. and §.I., 1936, No. IT., p. 117 4). 

The Allotropy of Iron. H. Esser. (Iron and Steel Institute ; 
Carnegie Scholarship Memoirs, 1936, vol. 25, pp. 213-234). In- 
vestigations on various types of iron show that the A, transformation 
temperature rises as the purity of the material is increased; simul- 
taneously the intensity of transformation decreases. Hydrogen 
causes the A, point to be “ doubled ”’; on removal of the hydrogen 
by annealing at high temperatures in vacuo this effect disappears 
again. The experiments show that, with the means at present 
available, it is not possible to increase the degree of purity of iron 
to such an extent that the allotropic transformations disappear. 
On the other hand, the research on the influence of the degree of 
purity on the limiting concentration of the closed y field in the 
Fe-W, Fe-Cr and Fe-Si systems indicated that with absolutely 
pure iron the « == y transformation does not occur. With 
regard to the true structure of iron, which, like that of other materials, 
is probably of a mosaic-like character, it is assumed that the im- 
purities (Fe,C, Fe,N, Fe,H) are embedded in the boundaries or 
interstices of the crystalline “‘ blocks,” and thus cause the tetragonal 
expansion of the « lattice with the axial ratio c/a = 1-0 into the y 
lattice with the axial ratio c/a = 1-41. Iron, therefore, possesses 
not true but imposed allotropy. 

The Binary System FeO-Al,0,. A. B. M’Intosh, J. R. Rait 
and R. Hay. (Journal of the Royal Technical College, Glasgow, 
1937, vol. 4, Jan., Part 1, pp. 72-76). The diagram for the system 
FeO-Al1,0, has been constructed from thermal data, and confirmed 
by microscopical examination of the various melts. 

Alloys of Iron Research. Part XII.—Note on the 8, Transforma- 
tion in Manganese-Rich Iron-Manganese Alloys. Marie L. V. Gayler 
and C. Wainwright. (Iron and Steel Institute, Apr., 1937; this 
Journal, p. 269P.). The present investigation was undertaken in 
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order to explain discrepancies between the results of Ohman, of 
Walters and Wells and those previously published by the present 
authors. Two iron-manganese alloys containing 71 and 74% of 
manganese previously annealed at 573° C. and consisting of a, only, 
were heat-treated at successively higher temperatures, quenched, and 
then submitted to X-ray analysis. The results obtained were in 
agreement with those of Walters and Wells. On the other hand, X- 
ray analysis of the specimens annealed at 750° C., slowly cooled to 
and quenched from lower temperatures confirmed the present 
authors’ previous results. It is shown, therefore, that manganese- 
rich iron-manganese alloys consisting of the By phrase may exist in a 
metastable state at temperatures below that at which the a-B. 
transformation takes place on heating, and that the upper limit is 
that found by Walters and Wells and the lower that obtained by the 
present authors. It is noted that a similar hysteresis loop occurs 
at the iron end of the iron-manganese diagram, 

Study of the Transformations of the Austenite in a Chromium- 
Silicon Steel. S. Steinberg, V. Susin and I. Goldin. (Revue de 
Métallurgie, Mémoires, 1937, vol. 34, Feb., pp. 190-194). The 
authors present the results of the magnetometric and microscopic 
examination and of hardness tests on a chromium-silicon steel 
(carbon, 0:35% ; chromium, 8-92%; silicon, 3-13°%). The following 
matters were investigated : (1) The influence of the temperature and 
duration of heating on the Ar” point; (2) transformations of the 
austenite at constant temperature; (3) the influence of the partial 
transformation of the austenite on the martensitic transformation 
on cooling; and (4) the transformation of the austenite during the 
tempering of the quenched steel. The test results obtained are 
recorded in graphs and micrographs, and are discussed in detail. 

The Formation of Austenite in Iron-Nickel. H. Bumm. (Zeit- 
schrift fiir Metallkunde, 1937, vol. 29, Jan., p. 29). In iron-nickel, 
starting with a “ virgin ”’ single crystal, the transformation from the 
face-centred to the body-centred lattice takes place completely at 
below about —180° C. with 29% of nickel and at 20° C. with 26% 
of nickel; there is no residual austenite. If, however, the crystal 
has already passed through the transformation once before, then 
considerable amounts of residual austenite remain. Complete 
transformation produces lamellar martensite in the microsection ; 
if X-ray examination shows austenite to be still present, then the 
martensite is acicular in form. 

The Transformations during the Cooling of Steels. A. Portevin 
and P. Chevenard. (Académie des Sciences, Mar. 1, 1937: Génie 
Civil, 1937, vol. 110, Mar. 20, pp. 272-273). The authors present a 
study of the transformations (Ar’, Ar” and Ar’”’) which occur in 
steels on cooling. The specimens—of the nickel-chromium steel 
type, because the three transformations are more clearly distinguish- 
able in alloys of this class—were withdrawn from the heating furnace 
and plunged into a lead-tin bath and held there for periods ranging 
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from 1 min. to 3 hr., and then quenched in iced water. The physico- 
chemical and structural conditions of the specimens were determined 
dilatometrically and micrographically. The characteristics of the 
three transformations are described. 

The Austenite-Troostite Change in Relation to Mass Effect. 
(Metallurgist, 1937, Feb. 26, pp. 6-7). A review of the work of 
Krainer on the uniform hardening of steel throughout the mass. 
(See Journ. I. and 8.1., 1936, No. II., p. 116 4). 

An Investigation of the Iron-Carbon Constitutional Diagram. 
Part I.—Preliminary Survey of the 3 Region. F. Adcock. (Iron and 
Steel Institute, Apr., 1937; this Journal, p.281 P.). A portion of the 
iron-carbon constitutional diagram, falling within the composition 
limits of 0-003 to 101% of carbon and an approximate temperature 
range of 1550-1300°C., is defined. This region of the diagram 
includes the 3-phase field and the duplex phase fields associated with 
the peritectic horizontal, which is found to intersect the liquid curve 
at a composition corresponding with 0-51% of carbon. The diagram 
is based on the results of thermal curves taken on twenty-four alloys 
prepared from high-purity materials. A valve-energised high- 
frequency furnace was used for the experiments, the alloys being 
prepared and maintained under high-vacuum conditions. It is 
expected that the diagram may be slightly modified as a result of 
a further investigation of the alloys by other exploratory methods. 
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(Continued from pp. 248 a—250 a) 


The Thickness of Oxide Films on Iron. H. A. Miley. (Iron and 
Steel Institute, Carnegie Scholarship Memoirs, 1936, vol. 25, pp. 
197-212). New values have been obtained for the thickness of the 
oxide films responsible for the interference colours on iron by 
measuring the millicoulombs of electric current needed for their 
cathodic reduction. The apparent discrepancy between the gravi- 
metric and optical results in the past has been explained as being 
due to the invisible oxide carried by the specimen at the time of the 
first weighing. The values obtained also agree well with chemical 
estimations of the thickness of the homogenous films after removing 
them from the metallic basis. Thus, four methods have been brought 
into satisfactory agreement, and their differences explained by the 
fact that the different methods do not measure the same things. 
Having ascertained the accuracy of the new method by comparison 
with others, it has been used to measure the rate of oxygen uptake at 
ordinary temperatures, and the results point to a rapid rate of 
oxidation for a short time (influenced by temperature changes, 
effective area, and cracking of the film resulting from abrasion 
or other treatment) followed by a relatively slow rate of oxidation. 
Vernon’s observation (Transactions of the Faraday Society, 1935, 
vol. 31, p. 1674) that no bright colours appeared on iron below 200° C. 
—even when the amount of oxidation was sufficient to have caused 
colours at higher temperatures—was confirmed. The author 
believes that the oxide formed below 200° C. is y-Fe,O, (cubic struc- 
ture) and the oxide formed above 200°C. is «-Fe,O0, (hexagonal 
structure); if the y-Fe,O, is in optical continuity with the iron basis 
(cubic structure), it will afford no adequate lower reflecting surface, 
whereas if the «-Fe,O, is crystallographically discontinuous with 
the basis it will provide the conditions necessary for interference. 

Passivification and Activation of Chromium-Iron Alloys. E. 
Hertel and W. Bechler. (Chemische Fabrik, 1936, vol. 9, pp. 293- 
296). The authors have investigated the effects of the mode of 
manufacture of the chromium-iron alloys (5-30% chromium)— 
t.e., whether vacuum-melted or cast commercially—and of other 
elements (carbon, manganese, silicon, phosphorus, nickel, molybden- 
um, sulphur, copper) on the passivity and activity of the alloys. 
The dependence of the current density or strength and the anodic 
and cathodic potential of the applied current was determined in the 
following circuits : Carbon/H,SO,/alloy, carbon/HCl/alloy, carbon/ 
HNO,/alloy and platinum/H,SO,/alloy; in this way the anodic 
and cathodic behaviour of the alloys could be deduced and hence 
the transition from the active to the passive condition and vice versa. 
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Method for Testing the Resistance of Stainless Steels to Local 
Corrosive Attack. S. Brennert. (Iron and Steel Institute, Apr., 
1937 ; this Journal, p. 101 v.). A new corrosion testing method is 
described, by means of which numerical values can be given for the 
resistance of stainless steels to the formation of pits. It consists in the 
determination of the anodic potential which can be applied to a metal 
surface without any ‘‘ break-through ” taking place. The potential 
is measured against that of a saturated calomel electrode. The 
practicability and the defects of the method are discussed, and the 
“* break-through ” potentials for some stainless steels are given. 

A Practical Trial of Roofing Sheets of Copper Steels and Other 
Materials, with the Results as regards their Corrosion after a Period 
of Exposure of 9} Years to Date. Sir R. Hadfield and S. A. Main. 
(Iron and Steel Institute, Apr., 1937; this Journal, p. 81P.). The 
paper gives a brief account of a series of practical trials of roofing 
sheets now in progress in Sheffield, with the results so far ascertained, 
i.e. after 9} years’ exposure. The trials concern galvanised sheets, 
both painted and unpainted, of the following materials : (a) Copper- 
bearing steels of two different makes (0-22 and 0:35% of copper), and 
(b) ingot iron, these being compared with (c) ordinary unalloyed sheets 
as currently employed. Only the unpainted sheets have given useful 
information so far. Copper-bearing steel is proving definitely superior 
to ordinary steel, but its merits did not appear until the galvanised 
coating had weathered off. The ingot iron tried has proved definitely 
inferior to ordinary steel. The relative life periods of the different 
materials will only be ascertainable after further exposure. The four 
locations, of varying severity as regards corrosion, give consistent 
information. Steel containing both copper (0-42%) and molybdenum 
(0:10%) is included in a further series of trials not yet sufficiently 
advanced for report. The paper concludes with a commentary on 
the usefulness of practical trials of this nature, and the conditions 
necessary for their successful conduct. 

The Effect of Protective Coatings on the Corrosion-Fatigue 
Resistance of Steel. D. G. Sopwith and H. J. Gough. (Iron and 
Steel Institute, Apr., 1937; this Journal, p. 315 p.). This paper des- 
cribes the results of tests made to ascertain the suitability of various 
protective coatings when applied to streamline wire steel subjected to 
alternating stress in a spray of salt water. The fatigue resistances, 
under reversed bending stresses in air and in salt spray, of streamline 
wire steel have been determined, using the material in both the as- 
drawn and normalised conditions uncoated and with the following 
types of coating :—(1) Zine, applied by (a) galvanising, (b) sherardis- 
ing, (c) electrodeposition. (2) Electrodeposited Cadmium, (a) alone 
and with supplementary coatings of (b) enamel and of (cpboiled linseed 
oil. (3) Sprayed Aluminium (a) with enamel and (b) without enamel. 
(4) Phosphates plus enamel. (5) Enamel only. A very satisfactory 
degree of protection was afforded by galvanising, sherardising and 
sprayed aluminium plus enamel. Zinc- or cadmium-plating and 
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sprayed aluminium alone gave a fair degree of protection. Phosphate 
treatment plus enamel and enamel alone gave considerably better 
results than the uncoated material, but were not nearly so good 
as the metallic coatings. Enamel was a useful addition to sprayed 
aluminium, but both enamel and oil reduced the degree of pro- 
tection afforded by cadmium-plating. 

The Influence of the Mean Stress of the Cycle on the Resistance 
of Metals to Corrosion-Fatigue. H. J. Gough and D. G. Sopwith. 
(Iron and Steel Institute, Apr., 1937 ; this Journal, p. 293 P.). Whilst 
much attention has been devoted to the resistance of materials to 
corrosion-fatigue under cycles of reversed stress, no work has hitherto 
been carried out on the equally important practical cases of repeated 
or fluctuating stresses. This paper describes the results of tests 
under these conditions made on six aircraft materials, the behaviour 
of which under reversed stresses has previously been reported. These 
comprised a cold-drawn 0-5% carbon steel, three stainless steels, 
duralumin and a magnesium alloy containing 2}°% of aluminium. 
These were tested in air, also in a spray of 3% salt solution, under 
cycles of repeated and of fluctuating stresses. The results show that, 
as in air, the fatigue resistance of a material in a corrosive environ- 
ment is considerably influenced by the mean stress of the applied 
cycle. As in the case of reversed stresses, no corrosion-fatigue 
limit was indicated for any of the materials. If the range for any 
given endurance is plotted against the mean stress, the form of the 
curve obtained is in general similar to that obtained in air, using 
the fatigue limit in place of the endurance range. 

Failure of Metals Due to Cavitation Under Experimental Condi- 
tions. H.N. Boetcher. (Transactions of the American Society of 
Mechanical Engineers, 1936, vol. 58, pp. 355-360). The author 
discusses the cavitation experiments conducted at the Holtwood 
laboratory of the Safe Harbor Water Power Corporation and shows 
that metallurgical examination supports the results of hydraulic 
research in so far as the mechanical character of cavitation is con- 
cerned. This support is given by indicative Rockwell hardness 
tests which show, with many metals, appreciable hardening of the 
surface affected by cavitation, by strain lines in copper alloys and 
austenitic steels, and by the type of failure. The author points out 
that the small area affected by the individual blows and the charac- 
teristics of the blows result in particular conditions which would 
justify the use of a special term for this type of attack, such as 
“ cavitation fatigue.” The author concludes that in order to have 
high resistance against cavitation fatigue, the metal should have 
high corrosive resistance in the water in which it is used, and physical 
and metallurgical properties which result in high fatigue resistance. 

Corrosion of Steel by Oil Well Waste Waters. W. I. Rogers and 
W. A. Shellshear. (Industrial and Engineering Chemistry, 1937, 
vol. 29, Feb., pp. 160-166). Rapid rates of corrosion of oil well 
subsurface equipment by some waste waters has prompted a study 
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of the conditions governing the corrosion rate. Waste waters of a 
corrosive as well as non-corrosive type were obtained from oil wells 
and studied to determine the cause of their corrosion rates. The 
effects of variations in the concentration of hydrogen ions, neutral 
soluble salts, hydrogen sulphide, oxygen, and water-oil ratios were 
determined. It was concluded that, under oxygen-free conditions 
and in the pH range of 6-6 to 8-0, oil well waste waters are non- 
corrosive regardless of the soluble salt or hydrogen sulphide content. 
The addition of oxygen greatly increased the corrosion rate of each 
fluid tested. The presence of oil in the range 30 to 100% is pro- 
tective, and corrosion is evenly distributed and of low penetration 
rate. Oil concentrations below 30% do not greatly reduce the rate 
of corrosion by oxygen-bearing waters. 

Rusting of a Meteorite. (Nature, 1937, vol. 139, Mar. 27, p. 540). 
Ever since the largest of the meteoric irons found at Cranbourne, 
about thirty miles south-east of Melbourne in Australia, was ex- 
tracted from the sand in which it had lain buried for numberless 
years, it has shown a pronounced tendency to rust. This large mass, 
which weighed about 3} tons, was presented to the Trustees of the 
British Museum in 1862. When first received, it was mounted on a 
turntable and was shown uncased. So rapid, however, was the 
rusting that within a short time it was decided to place it in a glazed 
case and keep the air within as dry as possible by means of frequently 
renewed supplies of lime. The effect was to slow up markedly the 
rate of rusting, but not to stay it altogether. It is estimated that 
more than 4 cwt. of rust has been removed from the meteorite since 
it reached the Museum. Arithmetically, therefore, it would appear 
as if the mass had a very long life before it, but it would have been 
nothing like so long because the lawrencite (ferric chloride), the 
cause of the mischief, is diseminated in seams and by expanding 
during alteration tends to split up the mass. Owing to the size and 
porous character of the meteorite, treatment by a surface coating 
which has proved so successful with other meteoric irons was out 
of the question. About a year ago, the Trustees on the advice of 
the Keeper of Minerals decided to substitute for the ordinary glazed 
case an air-tight one which could be filled with dry nitrogen. At 
the same time the original turntable was replaced by a stronger 
rigid structure and the mass provided with a firmer bed. During 
this process forty pounds weight of rust and scale was removed. 
The nitrogen supply, which is concealed under the bed by the 
mahogany panelling, consists of the usual cylinder and oil bubblers 
at the entrance and egress, an extra one at a higher pressure being 
provided for safety at the egress side. It is necessary to pass the 
gas slowly through the case because of the impossibility of assuring 
so large a one being absolutely air-tight. The glass and metal 
are bound together by a special hard cement. A small panel fitted 
with a gasket has been provided on one of the short sides to give 
access to the interior when necessary. 
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(Continued from pp. 190 4-191 4) 


The Determination of Oxygen in Steel. (Iron and Steel Institute, 
1937, Special Report No. 16, Seventh Report on the Heterogeneity 
of Steel Ingots, pp. 63-138). This report is the first report of the 
Oxygen Sub-Committee, and represents the co-ordinated work 
carried out at the National Physical Laboratory, Sheffield University, 
the Central Research Department of the United Steel Companies, 
Ltd., and (from October, 1936) the Research Department of 
Imperial Chemical Industries (Alkali), Ltd. 

The Vacuum Fusion Method. Three papers by W. W. Stevenson 
and G. E. Speight, H. A. Sloman, and T. Raine and J. B. Vickers 
describe in complete detail the equipment and method of operation 
of the apparatus used at three laboratories for the determination of 
the total oxygen by the vacuum fusion method. There are essential 
differences in the various sets of apparatus, but it is gratifying to 
note that substantial agreement is now reached between the co- 
operating laboratories. 

The Alcoholic Iodine Method for the Separation of Oxides in Steel. 
The paper by T. E. Rooney, W. W. Stevenson and T. Raine, de- 
scribes the method of separating oxides in steel, and some data follow, 
in which the effect of stirring with the application of external heat 
and the effect of a prolonged time of churning is given. The follow- 
ing section describes in detail the methods used for the analysis 
of the non-metallic residues obtained by the iodine method and it was 
further thought necessary to set out in detail the method adopted 
for reporting the results obtained, with an explanation of how the 
various figures as reported are arrived at. 

The Chlorine Method. The chlorine method practised in one 
laboratory is similarly described in detail by E. W. Colbeck, 8. W. 
Craven and W. Murray, and then follows a statement of the results 
obtained on a few samples of steel in these four laboratories, using 
the vacuum fusion, the iodine extraction and the chlorine extraction 
methods respectively. 

The report concludes with a commentary on the advantages 
and limitations of the methods described and on the results obtained. 

Oxygen Determinations on a Series of Bath Samples from an 
Electric Furnace. T. Raine and J. B. Vickers. (Iron and Steel 
Institute, 1937, Special Report No. 16, Seventh Report on the 
Heterogeneity of Steel Ingots, pp. 57-62). The results are given of 
the determination, by both the alcoholic iodine extraction method 
and the vacuum fusion method, of the oxygen content in the various 
samples studied by J. H. Whiteley. (See p. 262 a). ’ 
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New Method for the Rapid Estimation of Cobalt in Steels. E. 
Jaboulay. (Revue de Métallurgie, Mémoires, 1937, vol. 34, Feb., 
pp. 166-169). The method is based on the conversion of cobalt salts 
into cyano-cobalticyanide of cobalt and sodium, Co,Cy,,Co3*12NaCy. 
This compound, of an intense yellow colour, is formed when an 
excess of alkali cyanide is added to an acid solution of a cobalt 
salt, followed slowly by caustic soda until the solution is alkaline. 
The excess of cyanide solution (of known strength) is estimated by 
titration with standard silver nitrate solution in the presence of 
potassium iodide. Details of the method are given, together with 
some examples of its use on synthetic mixtures and steels. 

The Determination of Molybdenum in Cast Iron. E. Taylor- 
Austin. (Analyst, 1937, vol. 62, Feb., pp. 107-117). At the present 
time two methods are in general use for the determination of 
molybdenum in cast iron—the lead molybdate method and the 
sulphide method. Recently «-benzionmonoxime has been introduced 
for the general determination of this element. The author presents 
a study of all three methods as applied to cast iron and the conclusion 
is drawn that although with certain modifications in procedure 
equally reliable results can be obtained by all the methods, the 
a-benzionmonoxime method is the most satisfactory. The time 
taken for a determination by the latter method is 14 to 2 hr. as 
compared with 4 to 5 hr. by either of the other methods. 

The Determination of Small Quantities of Copper in Iron. J. G. 
Fife and 8. Torrance. (Analyst, 1937, vol. 62, Jan., pp. 29-31). 
The author gives particulars of two methods for the quantitative 
determination of small quantities of copper in iron, in the first 
a revolving anode is used, while the second is based on internal 
electrolysis. 

The Leifo Polarisation Photometer and its Application to the 
Estimation of Silicon in the Foundry Laboratory. H. Freund, K. 
Dietrich and Schmitt. (Giesserei, 1937, vol. 24, Jan. 29, pp. 61-63). 
The Leifo photometer and its use in making determinations of the 
silicon in iron-carbon alloys are described. 

Contribution on the Spectro-Analytical Determination of Alloy 
Constituents. ©. Schliessmann and K. Zanker. (Archiv fiir das 
Eisenhiittenwesen, 1937, vol. 10, Feb., pp. 345-352). The charac- 
teristics required in the spectrograph, means of excitation and photo- 
meter for making quantitative analyses of steels are discussed ; 
reference is made to the special requirements for carrying out carbon 
determinations. The authors describe experiments made to deter- 
mine the degree of gradation for silver-eosin emulsion in the wave- 
length range 2300-3700 A., and the influence of the period of 
illumination on the intensity conditions for various Yalues. The 
conditions necessary to improve the analytical accuracy suggested 
by the results are indicated. Excitation in a hydrogen atmosphere 
for the quantitative estimation of alloy elements in steel was 
‘examined, and its advantages and disadvantages are discussed ; 
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for carbon estimations it improves the absolute and relative sensi- 
tivity very considerably. The variations in the intensity conditions 
with the duration of sparking for various electrodes with controlled 
and uncontrolled discharge were investigated. A simplified arrange- 
ment of an auxiliary electrode, by means of which finished specimens 
can be tested without noticeable damage, gives results as accurate 
as those given by other usual arrangements. Finally, the results 
obtained by two methods of evaluation and the deviation in the 
spectrographically-determined contents of steel and cast-iron 
specimens are compared. 

Contributions on Applied Spectrum Analysis in Metalworking 
Industries. I.—An Effective, Vibrationless Mounting for the 
Mirror Galvanometer. G. Heidhausen. (Mitteilungen aus den 
Forschungsanstalten des Gutehoffnungshiitte-Konzerns, 1937, vol. 
5, Feb., pp. 27-30). The author describes a new portable mounting 
for supporting the mirror galvanometer used in spectrum analysis 
which protects it completely from vibration. He also draws 
attention to a disturbance in the readings of the instrument which 
may not have been observed with other mountings owing to the 
arrangement not being completely vibration-proof, so that the effect 
was not noticed. 

Methodical Comments on Quantitative Spectrum Analysis. 
H. Kaiser. (Metallwirtschaft, 1937, vol. 16, Mar. 26, pp. 301-306). 
A general discussion of quantitative spectrum analysis. The author 
deals with the problem to be solved by this method of analysis, 
points to be covered in drawing up a specification for carrying it out, 
its accuracy, the dependence of the specification on the chemical 
analysis of the metal, and the calibration of the method. In conclu- 
sion he discusses the limits of composition beyond which the speci- 
mens analysed must not differ from the standard specimens employed. 

The Quantitative Spectrographic Determination of Carbon, 
Silicon, Manganese, Nickel, Chromium and Molybdenum in Iron and 
Steel. O. Schliessmann and K. Zanker. (Archiv fiir des Eisen- 
hiittenwesen, 1937, vol. 10, Mar., pp. 383-394). A spark-spectro- 
graphic method of analysis, using an auxiliary copper electrode, 
has been applied to the quantitative estimation of elements alloyed 
with iron and steel. For the quantitative determination of carbon, 
silicon, manganese, nickel, chromium, and molybdenum, suitable 
line-pairs are selected; the concentration curves obtained are 
described. Experimental results obtained with two highly alloyed 
steels demonstrate their applicability. The accuracy of the method is 
+ 5%. 

The Analysis of Coal Gas by Liquid Fractionation. W. J. 
Gooderham. (Journal of the Society of Chemical Industry, 1937, 
vol. 56, Jan., pp. 277-367). New apparatus and methods involving 
fractional distillation of liquefied gases for the complete analysis 
of coal gas and for the determination of conjugated diolefines in 
coal gas are described. 
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Gas Analysis. W.Schultes. (Zeitschrift des Vereines deutscher 
Ingenieure, 1937, vol. 81, Mar. 27, pp. 373-379). In experimental 
work, absorption, adsorption and combustion are employed in 
determining the composition of gases; in works and control pro- 
cedures, however, besides these methods, other characteristics of the 
gases are brought into consideration, such as the density, viscosity, 
heat conductivity, and heat evolution during catalytic combustion. 
The author describes apparatus for analysing gas based on these 
principles. 
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(Continued from pp. 192 a—194 a) 


“* Betriebstechnische Sammelmappe.’”’ Die gesammelten und iiber- 


arbeiten Blatter des Betriebsarchivs aus den letzten Jahr- 
gingen der Zeitschrift Maschinenbau/der Betrieb. 52 
Betriebsblatter sowie Inhaltsverzeichnis und Einfihrung. 
La. 8vo. Berlin, 19837: VDI-Verlag G.m.b.H. (Price 6 
marks.) 


Since 1933 the German publication Maschinenbau/der Betrieb has 
included in each issue a page dealing with some subject of practical 
importance in engineering. These contributions have followed no 
general plan, but were always authoritative and admirably condensed. 
The folder under review is a collection of all the articles of this type that 
have so far appeared, and it will form an excellent addition to existing 
books on workshop practice. The fifty-two sheets are divided into 
nine main sections, and a statement of these is probably the best method 
of indicating the scope of the volume. They are: general workshop 
problems, works equipment, machine tools, tools and appliances, 
machining, mechanical treatment, soldering and welding, heat treat- 
ment, and surface treatment. The data covering cutting tools and 
machining are especially valuable, as they deal with considerations not 
covered by the usual type of engineer’s handbook. Thus, cemented 
carbide tools are given two pages, diamond tools one, and the machining 
of light metals and alloys is dealt with for all workshop operations. 
The heat-treatment section includes leaves on salt baths, case-hardening, 
and the treatment of high-speed steel, and two very valuable sets of 
graphs relating practically every system of hardness measurement to 
Standard Brinell Numbers. The information throughout is given in the 
most concise form, amplified by excellent graphs and diagrams where 
necessary. 

STEPHEN L. ROBERTON. 


Botton, J. W. ‘“ Gray Cast Iron.’”’ General Manufacture, Struc- 


tural Metallurgy, and Engineering and Physical Properties. 
First ed. 8vo, pp. vii-+ 383. Illustrated. Cleveland, 
Ohio, 1937 : The Penton Publishing Co. (Price 22s.) 


In the foreword to this book R. 8. MacPherran says that for many 
years there has been no outstanding American work on grey cast iron, 
and that the years showing the greatest advances in science have been 
those least covered by the literature. Until quite recently this was 
strictly true, and applied to Britain as well as America, for no book on 
this subject appears to have been published here since ‘‘ The Metallurgy 
of Cast Iron,” by J. E. Hurst, appeared in 1926. Now, however, a large 
amount of up-to-date information about cast iron is available in the 
‘Cast Metals Handbook,” issued by the American Foundrymen’s 
Association, and the greater part of H. L. Campbell’s work on “ Metal 
Castings ’’ is devoted to cast iron. With the appearance of the present 
volume it may be said that the requirements of those who desire to 
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obtain a general knowledge of the subject are moderately well provided 
for by books in the English language, and, in addition, there are several 
books in French and German. The general arrangement of the book 
under consideration makes it a useful volume for engineers and metal- 
lurgists and students of these subjects. It is divided in the first instance 
into three parts, dealing respectively with General Manufacture, 
Structural Metallurgy and Engineering and Physical Properties. 
Part I occupies sixty-eight pages, and is devoted to consideration of 
(1) raw materials, i.e. pig iron and steel scrap, ferro-alloys, coke and 
fluxes, (2) melting processes, i.e. cupola, air-furnace, electric furnace 
and crucible, (3) casting defects and (4) design. The other two parts 
are larger, and occupy one hundred and seventy-two and one hundred 
and twelve pages respectively. Part II begins with a general account 
of the microstructure of cast iron, and crystal structure is referred to 
briefly. Following this, the iron-carbon system is considered, and then 
attention is given to the effects of silicon, manganese, sulphur, phos- 
phorus, nickel, chromium, molybdenum, aluminium, copper, titanium, 
vanadium and several other elements that are of considerably less 
importance. This part is completed by two short chapters on the effect 
of gases and superheating respectively, and two longer chapters on 
pouring and cooling rate and heat treatment. Part III deals in the 
first instance with general engineering properties and physical constants, 
and attention is then given to (1) static strength and elasticity, (2) 
dynamic strength and elasticity, (3) machinability and wear, (4) effect 
of temperature on properties, (5) corrosion and (6) specifications. It 
will be seen from this that the book covers the subject very completely, 
and that the arrangement is logical and designed to show how micro- 
structure, constitution and treatment (Part II) are related on the one 
hand to manufacture (Part I) and to properties (Part III). The micro- 
graphs are excellent, and the other figures well selected, and the book as 
a whole may be recommended to all interested in the subject. 
J. M. RoBerrson. 


DavuGuerty, C. R., M. G. pe Cuazeau and S.8.Srratrron. ‘The 
Economics of the Iron and Steel Industry.” First edition. 
8vo. Vol. I. pp. xxxiii + 1578. Illustrated. Vol. II. 
xx + 579-1188. Illustrated. New York and London (1937) : 
McGraw-Hill Publishing Co., Ltd. (Price, 2 vols., £3 10s.) 


This book deals primarily with the immediate economic problems of 
the American industry, which by no means correspond exactly with 
those of the British industry. American makers, for example, lack the 
British preoccupation with export markets, and the labour problems of 
the two groups differ profoundly. Within its field, however, which is 
narrower than its title suggests, this book is good, although needlessly 
long and repetitive. For those readers who cannot face half a million 
words, there is a useful summary in thirty thousand, but even this is 
not free from repetition. The authors have set out to discover whether 
the short-lived Code of Fair Competition established by the first 
Roosevelt administration, or any similar ‘“‘ regulatory instrument ”’ 
could be “socially advantageous.’’ The Code was substantially a 
bargain whereby the industry received “‘ a mandate to eliminate unfair 
competitive practices ’’ in return for undertaking to imcrease the rates 
of wages, reduce hours and spread employment, and recognise some 
form of collective bargaining with employees. Wages in the American 
industry, contrary to popular impressions, were low in relation to cost 
of living even in a good year such as 1929, and it is well known that 
American firms stayed at nothing to prevent the advance of unionism. 
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The authors show that the Code protected labour very inadequately, 
but under its influence considerable improvement took place. To the 
student of American labour conditions the long treatment of the prob- 
lem in this book is very valuable. In relation to the problem of the 
British industry, however, the significant part of the book is that 
which deals with the actions of the Code Authority in coping with 
‘unfair’? competition. The authors hold, reasonably, that the 
Administration “ relied too much upon the industry’s sense of ‘ noblesse 
oblige.’’’ Leaders of the industry were allowed, through the American 
Iron and Steel Institute, to draw up and administer such rules as they 
chose, and their actions were subject to no effective check or super- 
vision, The result was that a policy of price fixing (the ‘‘ multiple 
basing-point system’’) was introduced which, while it eliminated 
destructive price-cutting, probably kept distribution costs high, 
was unfavourable to locational adjustments which would cheapen 
production, and discriminated against re-rollers and unintegrated 
structural engineering firms and some other consumers. Prices were 
fixed for a number of “‘ basing points,”’ such as Pittsburg and Chicago, 
and consumers had to pay this price plus the rail transport cost from 
the basing point from which they could be reached most cheaply, 
whatever the location of the mill which supplied them. It is impossible 
to trace here the author’s careful discussion of the working of this 
system, and their unfavourable criticism of the alternation which is 
popularly advocated, a system whereby prices would be fixed f.o.b. 
at the mills. For British readers contrast of the basing-point system 
with the system which prevails here would have been interesting. The 
general conclusion presented is that the faults of the price policy 
pursued under the Code were not due to the adoption of the basing- 
point principle, but to the absence of any State supervision to protect 
the interests of consumers and of the community; a weakness for which 
discovery no elaborate investigation was needed. The form of State 
control which would be appropriate is unfortunately not discussed, but 
the authors appear to think that interference may be justified in the 
locating of plants and in eliminating cross freights as well as in checking 
prices, It may be noted that they regard a return to the pre-Code 
policy of forcing firms to compete as impracticable; and their argument 
that some kind of price agreement is both desirable and inevitable, an 
argument not novel to economists, but supported here by new evidence, 
is irrefutable, and very largely applicable to British as well as American 
circumstances. While the Steel Code is the focus of interest in these 
volumes, they are at the same time a mine of information on the 
American industry. The authors were amply supplied with funds for 
research and enjoyed the assistance of a secretarial and statistical staff 
in tapping official sources of information, sending out questionnaires, 
and collating the material. And the result is a massive volume of 
information on all economic aspects of the American industry in recent 
years. There are 232 tables and 101 charts, Save on a few points this 
book undoubtedly presents an exhaustive analysis of the information 
available; outside the industry though, as the authors regretfully 
point out, much that is important remains hidden in the records of 
the firms. 
D. L. Burn. 


Evans, U. R. “ Metallic Corrosion Passivity and Protection.” 
8vo, pp. xxiii + 720. Illustrated. London: Edward Arnold 
& Co. (Price 45s.) 


The importance of the subject of this book needs no emphasis 
to-day. Apart from obsolescence, the life of metal structures and 
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parts is mainly determined by wear or by corrosion, and much care is 
given to the selection of materials resistant to chemical attack, and to 
the protection of corrodible materials when it is necessary to use them. 
What is perhaps less widely realised is the range and the amount of 
intensive investigation of corrosion now in progress. Few metallurgical 
research establishments of consequence are without corrosion sections, 
while the Teddington and Cambridge corrosion laboratories are ex- 
amples of a number of centres devoted to the more purely scientific 
study of the subject. Research Committees seem to be particularly 
abundant in the field of corrosion and protection (the reviewer is a 
member of at least six), and are undoubtedly doing good work in 
directing and systematising investigation. Independent individual 
workers, among whom Dr. Evans is an eminent leader, have, however, 
taken a large share in the great progress made in the last ten years. 

A good proportion of current investigation of corrosion still consists 
in observing the effects of exposing materials to the conditions of actual 
use, or to tests intended to simulate such conditions, The extent to 
which precise laboratory work is successfully replacing or supplementing 
empirical tests of this kind is apparent from this book, which Dr. Evans 
describes as ‘‘ an attempt to summarise existing knowledge, based on 
the investigations and writings of about 1700 authors, but rather specially 
on the research work carried out since 1923 at Cambridge University.” 
While it supersedes the same author’s “‘ Corrosion of Metals,’’ the second 
and latest edition of which was issued in 1926, it is an entirely new 
and very much larger book, The thoroughness of the author’s examina- 
tion of published matter, as well as the scattered distribution of corro- 
sion literature, may be gauged by the list of more than 300 periodicals 
containing scientific papers, &c., mentioned in the text. The claim 
that all the most important work available up to November 1936 has 
been included seems to be justified. 

According to the author, the book has been written for two separate 
classes of readers, the practical men and the pure scientists, but it may 
be of even greater value to the large class of workers whose business it is 
to bridge the gap between these two extremes and to help the “‘ practical 
man "’ out of his corrosion difficulties. Readers of all varieties are likely 
to appreciate the novel and convenient division of each chapter into three 
sections, devoted respectively to (a) the scientific basis, (b) practical 
problems and (c) quantitative discussion, although in some cases the 
division is necessarily somewhat arbitrary and even slightly confusing on 
first reading. The scope of the book is clearly shown by the chapter 
headings, which are as follows: (1) Simple Examples of Corrosion 
and Passivity. (2) Thin Films. (3) Oxidation at High Temperatures. 
(4) Atmospheric Corrosion and Tarnishing at Ordinary Temperatures. 
(5) Corrosion by Stagnant Liquids. (6) Corrosion by Moving Liquids. 
(7) Hydrogen Evolution, (8) Influence of Constituents of the Liquid. 
(9) Influence of the Major Constituents of the Metallic Phase. (10) 
Influence of the Minor Constituents of the Metallic Phase, (11) In- 
fluence of Stress and Strain. (12) Influence of Contacts and Crevices. 
(13) Protection by Metallic Coatings. (14) Protection by Paints and 
Enamels. (15) Testing. An Appendix deals with the optical measure- 
ment of film-thickness. 

The treatment of the multitudinous aspects of this vast subject is 
so complete, as far as it is possible in a single volume of 720 pages, 
that it is difficult to select sections for special mention without 
injustice to others, As might be expected, thin film8 (in their bearing 
on corrosion and protection) and electro-chemical corrosion are dealt 
with authoritatively and at some length. Chapter 5, ‘ Corrosion 
by Stagnant Liquids,” includes an account of the present views of the 
author and others on differential aeration as a factor in corrosion, 
together with an additional section (d) specially contributed by Ben. 
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9 gough and Wormwell explaining their somewhat different standpoint, 
oa according to which differential aeration is only one of a large number of 
of factors affecting corrosion distribution. ' 
nad Although the practical importance of the corrosion and protection of 
ne steel is so great, it is inevitable that in a comprehensive book on the 
“a corrosion of metals less space should be devoted to iron and steel than to 
fic the other metals combined. Much of the book, especially the more theo : 
rly retical sections, is, however, general in its application to the oxidizable 
+4 metals. The treatment of stainless steels is short though well balanced 
ron and up to date. Other subjects on which much accurate present-day 
al information is packed into relatively small space are corrosion-fatigue, 
ni season-cracking and the electrodeposition of protective metal coatings. 
nie Corrosion was at one time a battle-ground of controversialists, and 
an the author had some reputation as a hard fighter. He very rightly 
ad stresses the degree of agreement now reached in corrosion theory, 
io although in a subject still obscure in some parts and rapidly developing 
‘s there must still be some differences of opinion. 

id Though so largely a review of published work, extremely diverse and 
a vast in quantity, the book is very readable, Dr. Evans has achieved this 
ly because of the wide range of his own experimental work and his probably 
f unrivalled knowledge of corrosion in all its aspects, which has enabled 
id him to put the work of others in the right perspective. ; 

si Corrosion investigators with whom the reviewer has discussed the 
“" book have nothing but praise for it. Already it has been subjected to 
~ many tests and not found wanting. Its appearance has been eagerly 
Is awaited and the highest expectations of those interested in corrosion are 
om likely to be realised. Even in such a quickly growing subject Dr. 
o Evans’s book should retain a leading place for a long time to come. 

; H. Moore. 


GRENET, L. ‘“ Thermodynamique et Métallurgie.’”’ Préface de 
G. Charpy. 8vo, pp. xvi-+ 222. Illustrated. Paris and 
Liége, 1937 : Librairie Polytechnique Ch. Béranger. 


In this work the author presents a summarising study of the science 
of thermodynamics. The subject-matter is conveniently divided into 
three parts. 

The first part, containing two chapters, deals with generalities on 
the utilisation of energy and the characteristics of systems and media. 

The second part is concerned with the application of thermodynamic 
principles to chemical phenomena. In the first chapter the author 
makes a study of the phases independently of the hypotheses regarding 
their intimate constitution, whilst in the second chapter he discusses the 
) perfect gases and the intimate constitution of phases. 

The third part, which fills roughly half the volume, contains 
; examples of an industrial and metallurgical character. In the first 
| chapter the author deals with combustion, the efficiency of an operation, 
fuels and their value, the influence of diffusion on the efficiency of a 
fuel, the free energy ‘of @ fuel, the recuperation of heat, &c. In the 
second, he discusses the production of a metallic phase by ‘the reduction 
of an oxide by carbon, and takes as his example the case of the blast- 
furnace. The next chapter, on the production of a phase of a desired 
composition, deals with deoxidation and refining, with particular refer- 
ence to steel; steelmaking reactions—desulphurisation, dephosphorisa- 
tion, deoxidation, &c.—complex deoxidisers, the calculation of the 
oxygen dissolved in steel and similar matters are considered, and also 
the reactions taking place in the manufacture of malleable cast iron. 
In the fourth chapter the author is concerned with rigid systems and 
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crystalline systems; he discusses the phenomena occurring during the 
fracture of a bar, the retardation of transformations, the conditions for 
the production of a transformation accompanied by a phase change, 
X-ray observations, the distinctive areas visible under the microscope 
and the phenomena of quenching and cold-working. The fifth and last 
chapter consists of a discussion of equilibrium diagrams; this includes 
a short note on the iron-carbon diagram. 

Some years ago the author published a book on quenching, temper- 
ing, cementation and the conditions of use of steels; that volume was 
written more especially for the use of the practical man. Whilst the 
present work stands quite apart from the earlier book, yet at the same 
time it is in a sense complementary, for it covers certain matters not 
dealt with in the first publication. The two books deal, on the whole, 
with the same subject, but they are written from different points of 
view. 


Import Duties Act. ‘“ Report on the Import Duties Act Inquiry 
(1934). Part II. The Iron and Steel Trades, The Engineering 
and Vehicle Trades, The Non-Ferrous Metal Trades, The 
Timber, Paper, Clay, and Building Materials Trades and a 
General Summary Statement.’’ Presented to Parliament in 
pursuance of the Import Duties Act, 1932. 8vo, pp. xii + 
308. London, 1937: H.M. Stationery Office. (Price 4s. 6d.) 


In the Import Duties Act of 1932 provision was made for the 
Board of Trade to review the effects of the import duties on industry 
by the collection of statistical returns. A report containing the results 
of an Inquiry into production in the year 1934 has now been published, 
of which the present volume constitutes Part IT. 


“ Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung zu 
Diisseldorf.”” Herausgegeben von Friedrich Kérber. Band 
XVIII. La. 8vo, pp. 314. Illustrated. Diisseldorf, 1936 : 
Verlag Stahleisen m.b.H. 


The reports of investigations which emanate from the Kaiser- 
Wilhelm-Institut fiir Eisenforschung at Diisseldorf are of importance 
to metallurgists throughout the world, and the publication of vol. XVIII 
of the Mitteilungen should be of particular interest to those Members of 
the Iron and Steel Institute who had the opportunity of inspecting the 
well-equipped research laboratories at the new premises of the Kaiser- 
Wilhelm-Institut in September last. The present volume contains 
22 reports recording work carried out under the directorship of Dr. 
Friedrich Korber. The reports deal with a great variety of subjects of 
special interest to metallurgists and those engaged in the manufacture of 
iron and steel. Abstracts of those reports dealing with ferrous metal- 
lurgy are to be found in recent issues of the Bulletin and Journal of the 
Iron and Steel Institute. The present volume contains the following 
reports : Fatigue Diagrams of Steels under Various Tertsile Mean Stresses 
in Relation to the Shape of the Specimen, by A. Pomp and M. Hempel ; 
Dependence of the Fatigue Strength of Steel on the Frequency of Load 
Alternation, by F. Kérber and M. Hempel; A New Combined Colour 
Pyrometer with Comparison Lamp, by G. Naeser; X-Ray Stress 
Measurements on Quenched Steel Shafts, by F. Wever and H. Moller; 
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he Contribution on the X-Ray Measurement of Stresses in Welded Struc- 
for tures, by F. Wever and A. Rose; Experiments on the Magnetic Pre- 
ge, paration of Lower-Silesian Bog Iron Ore, by W. Luyken and L. Kraeber ; 
pe The Transformation Kinetics of Austenite. V.—A Comparison of the 
ast Magnetisation and Resistance Isotherms of a Self-Hardening Steel, by 
lee F. Wever and K. Hild; The Temporal Course of the Elongation and 

Speed of Elongation of Metals Subjected to a Constant Tensile Load, 
or. by A. Pomp and W. Lange; Investigation of the Processes during 
a8 Forging, by A. Pomp and H. Houben; The Behaviour of Iron, Nickel 
lis and Manganese Melts in Relation to their Liquid Silicates and Solid 
ne Silica at 1600°, by W. Oelsen and G. Kremer; The Effect of Silicide, 
ot Phosphide and Carbide Formation in Iron Melts on their Equilibria with 
le, Oxides, by F. Kérber and W. Oelsen; The Heats of Formation of the 
of Nickel-Silicon Alloys and Melts, by W. Oelsen and H. O. von Samson- 

Himmelstjerna; The Reactions in the Basic Open-Hearth Furnace, by 

G. Leiber; The Magnetic Properties of Natural and Artificial Iron- 

Oxygen Compounds. Part II.—The Change in the Magnetic Properties 
ry of Iron Hydroxides on Heating in Various Atmospheres, by L. Kraeber 

and W. Luyken; Behaviour of Steel at Raised Temperatures under 
"J Alternating Stress, by M. Hempel and H. E. Tillmanns; Influence of 
Le the Degree of Rolling, the Rolling Temperature and the Thickness Ratio 
a on the Rolling Process and the Mechanical Properties of the Rolled 
Material in the Hot-Rolling of Medium-Hard Carbon Steels, by A. 
n Pomp and W. Lueg; Fatigue-Strength Diagrams of Notehed and Cold- 
f. Worked Steels and of 1-in. and 14-in. Screws for Various Tensile Mean 

Stresses, by A. Pomp and M. Hempel; The Course of the Transforma- 
) tions in the Irreversible Iron-Nickel Alloys, by F. Wever and H. 

Lange; The Influence of the Hydrogen absorbed during Melting of 
os Steel, by P. Bardenheuer and E. H. Keller; Contribution to the 
y Knowledge of the Iron Corner of the Iron-Vanadium-Carbon Ternary 
% System, by F. Wever, A. Rose and H. Eggers; Comparative Investiga- 

, tions on Heat-Resisting Materials at High Temperatures, by F. Kérber 
and A. Pomp; The New Buildings of the Kaiser-Wilhelm-Institut fiir 

Eisenforschung, by F. Kérber. 

u 
d Sisco, F. T. “The Alloys of Iron and Carbon. Vol. II. Pro- 
: perties.” First edition. (Alloys of Iron Research Monograph 
Series.) 8vo, pp. xiii-+ 777. Illustrated. New York and 
London, 1937 : McGraw-Hill Book Co. (Price 45s.) 
e This is the eighth volume in the series of monographs prepared for 
[ the Engineering Foundation of well-known American metallurgists. 
f It is also the second volume dealing with iron-carbon alloys, and 
°] whereas the first, which was published last year, was devoted to con- 
s stitution and structure, the present is concerned with properties. The 
8 literature on the properties of these alloys is very extensive, and when 
the preparation of a volume such as this is undertaken, it is clearly 
f necessary to endeavour to sift the available data so as to retain only 
f what is essential and most reliable. It appears that a great amount of 
: care has been taken in doing this, and when the way in which this book 
, was prepared is considered, the value of the publication and the service 
r that has been rendered by those who prepared it become evident. The 
; work was begun in 1931 by the staff of the Batelle Memorial Institute, 
; and between then and 1934 the literature was reviewed, the date 
arranged and the first draft of the manuscript prepared. Using the 
large amount of information thus selected and assembled, the author 
| of the monograph then wrote the final manuscript, rearranging the data 

where necessary and incorporating information that became available 
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subsequent to the preparation of the preliminary draft. In this way 
careful consideration of the whole field was ensured by entrusting the 
work to a team, while continuity and consistency were obtained by one 
author preparing the final version. After an introductory chapter 
dealing with the classes of commercial iron-carbon alloys and the 
variables that affect their properties, there are twelve chapters devoted 
to the mechanical properties of steel and cast iron. The first of these 
(Chapter 2) deals with variables affecting the properties of cast steels, 
and this is followed by four chapters respectively devoted to con- 
sideration of the mechanical properties of cast, hot-worked, cold- 
worked and heat-treated carbon steels. In the seventh chapter the 
effect of cross-section and other variables on mechanical properties is 
considered, and the next three chapters deal with cast iron. The ninth 
chapter is devoted to the endurance properties of iron-carbon alloys, 
and the next two to short time and creep tests at elevated temperatures. 
The last four chapters deal with properties other than mechanical, /.e., 
corrosion, miscellaneous physical properties, electrical and magnetic 
properties, and miscellaneous engineering properties, which include 
damping capacity, deep-drawing properties, machinability, wear- 
resistance and weldability. 
J. M. RoBertson, 


TY OF CHEMICAL INDUSTRY. “ Reports of the Progress of 
Applied Chemistry.” Vol. XXI—1936. 8vo, pp. 869. 
London: Society of Chemical Industry. (Price 7s. 6d. to 
Members of the Society, 12s. 6d. to others.) 


This very useful annual volume contains, as usual, reports by lead- 
ing authorities on the progress in 1936 of Applied Chemistry in its 
numerous branches. The subjects of special interest to those engaged 
in the manufacture of iron and steel or in the study of metallurgy are 
fuel (including coking practice and by-product recovery), refractory 
materials, iron and steel, non-ferrous metals, and electro-chemical 
and electro-metallurgical industries. The special progress reports 
contained in the present volume are as follows: General, Plant, and 
Machinery, by M. B. Donald; Fuel, by H. J. Hodsman, H. C. Millett, 
and A. A. Clark; Gas, Carbonisation, Tar, and Tar Products, by 
H. Hollings and W. A. Voss; Mineral Oils, by W. W. Goulston; Inter- 
mediates and Colouring Matters, E. H. Rodd, A. Davidson, and H. H. 
Stocks; Textiles, Fibres, and Cellulose, by J. B. Speakman and Miss 
E. Stott; Pulp and Paper, by J. Grant; Bleaching, Dyeing, Printing 
and Finishing, by H. A. Turner; Acids, Alkalis, Salts, &c., by H. 8S. 
Hirst, S. W. Rowell, and J. A. Weil; Glass, by 'W.E. S. es and 
E, Preston ; Refractories, Ceramics ‘and Cements, by J. A. Sugden; 
Iron and Steel, by C. O. Bannister; Non-Ferrous Metals, by A. R. 
Powell; Electro-Chemical and Electro-Metallurgical Industries, by 
J. W. Cuthbertson; Oils, Fats, and Waxes, by T. P. Hilditch; Paints, 
Pigments, Varnishes, Resins, and Solvents, by Members of the Oil and 
Colour Chemists’ Association; Rubber, by D. F. Twiss; Leather and 
Glue, by D. Burton; Soils and Fertilisers, by E. M. Crowther; Sugars 
and Starches, by L. Eynon and J. H. Lane; The Fermentation In- 
dustries, by R. H. Hopkins and F. W. Norris; Foods, by H. E. Cox; 
Fine Chemicals, Medicinal Substances, and Essential Oils, by E. 
Stedman; Photographic Materials and Processes, by H. V. Horton; 
Explosives, by J. Weir; Sanitation and Water Purification, by J. T 
Thompson. 
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Tuum, A., and H. Ocus. Korrosion und Dauerfestigkeit. (Mit- 


teilungen der Materialpriifungsanstalt an der Technischen 
Hochschule Darmstadt, herausg. von A. Thum.) 8vo, 
pp. vi-+ 109. Illustrated. Berlin, 1937: V.D.I.-Verlag, 
G.m.b.H. (Price 9 marks.) 


This little book on corrosion fatigue, of slightly more than 100 pages, 
should serve a very useful purpose, since the authors not only give a clear 
analytical survey of the results of previous research work on the subject, 
but also supplement these by valuable data of their own. A similar 
purpose was served at the time by Dr. H. J. Gough’s Autumn Lecture to 
the Institute of Metals in September 1932, but it is typical of the vast 
interest in the subject, and of the rate at which results are being ob- 
tained, that rather more than half of the 139 references given at the end 
of the present book are to papers that have appeared since that date. 
Professor Thum and Dr. Ochs consider the subject under four main 
heads: researches on the effect of corrosion on the fatigue limit, in 
which each of the various factors is discussed in turn, the mechanism of 
corrosion fatigue, examples of failure through corrosion-fatigue in practice 
and methods for raising the ‘‘ corrosion fatigue limit ’’ and eliminating 
failures through corrosion fatigue. Three tables given in the first of 
these sections, in which the authors summarise the effect of corrosion 
on the fatigue value of plain carbon steels, alloy steels and non-ferrous 
metals, respectively, should prove particularly useful. They conclude 
with an excellent little summary of one and a half pages. It would, 
however, have been an improvement if the bibliography at the end of 
the book had been arranged in alphabetical order of the authors’ names, 
since it would then have served as an author index. 

J. C. Hupson. 


“V.DJI. Jahrbuch, 1937. Die Chronik der Technik.’’ Heraus- 


gegeben im Auftrage des Vereines deutscher Ingenieure von 
A. Leitner. 8vo, pp. xii+ 228. Berlin: V.D.I.-Verlag 
G.m.b.H. (Price 3.50 marks.) 


This yearbook serves to keep engineers and technologists up to date 
with the latest developments in all branches of engineering. There are 
in all twenty- -nine main headings, covering such varied aspects of the 
engineer’s activity as: materials of construction, generation of power, 
machining and mechanical treatment of metals, chemical technology, 
and works management. Many of these are subdivided into more 
specialised sections, each being compiled by a recognised authority on 
the subject dealt with. The general scheme of each section is a short 
account of invention, improvement and development during the last 
year in Germany, with copious references to the appropriate literature. 
The publication amply fulfills its purpose as a short record of engineering 
progress and a guide to more detailed information on the wide range of 
subjects embraced by modern engineers. 

STEPHEN L, ROBERTON. 
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